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INTRODUCTION 


The Soviet ferroalloy industry is a post-Rcvolutioii development. 
Its firstling, the Chelyabinsk Ferroalloy Smelter, was commissioned 
in 1931 and it was not long before the U.S.S.R. stopped importing 
ferroalloys. The Chelyabinsk Smelter was followed by the Zestafon, 
Zaporozhye, Aktyubinsk and other ferroalloy smelters. 

At present, tiie Soviet ferroalloy industry possesses up-to-date 
smelters producing all necessary ferroalloys. 

Mastery of modern techniques and furnace technology requires 
thorough theoretical knowledge and practical know-how. This, in 
turn, is achieved by a profound study of the theory and practice 
of ferroalloy production methods and continued improvement of 
workers’ skill. 

Great al ten (ion is now concentrated on the high-quality steels 
needed for the development of the chemical, aviation, electrical 
and other industries. 

‘ It is planned to increase considerably the output of alloy steels, 
whose properties are enhanced by alloying elements, such as 
chrome, nickel, majiganese, tungsten, molybdenum, niobium, tita- 
nium, vanadium, etc. These elements are sometimes introduced 
into steel in pure form; the usual practice, however, is to add them 
in the form of ferroalloys, for their production is much simpler and 
cheaper. Moreover, it is considerably easier to add most of the ele- 
ments to steel when t^iey arc in the form of ferroalloys. For example, 
metals such as tungsten and molybdenum are characterised by high 
specific gravities and elevated melting points and are slowly assimi- 
lated by a steel bath. The iron alloys of these metals possess lower 
specific gravities and lower melting points, and that makes it much 
easier and rpore convenient to use them in tlie manufacture of steel. 

Steel may be alloyed simultaneously by several elements. Steels 
are classified according to the alloying element assay as low-alloy, 
medium-alloy and high-alloy steels. 

According to their use, steels arc divided into three main groups: 
constructional, tool, special and alloy. 

Constructional steel is used for the manufacture of machine parts, 
motor-cars, aeroplanes, building elements. It can be carbon oj* 
alloy steel. The mechanical properties of alloy steel arc considerably 
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higher than those of carbon steeK Chromium and nickel are the 
main alloying elements used for constructional steel. 

Tool steel is used for the manufacture of tools (lathe knives, chis- 
els, cutters, gauges, etc.); it is either carbon (with 0.7-1. 2% C), 
or chrome-, manganese-, silicon- or tungsten-bearing alloy' steel. 

High-speed steels, alloyed with tungsten, chrome and vanadi- 
um, belong to the tool-steel class; they acquire considerable hard- 
ness after the heat treatment and retain it at high temperatures 
(500-600°C). 

Special-quality steels include corrosion-resisting, stainless, acid- 
resisting steels and heat-resisting steels and alloys capable of bear- 
ing considerable loads at high temperatures. 

Alloys with 75-78% Ni and 20-23% Cr possess high ohmic resis- 
tance and are used for the manufacture of furnace resistance ele- 
ments. The combination of several alloying elements produces 
steels and alloys with a wide range of properties. 

Ferroalloys make it possible to solve another vei'y important prob- 
lem: degassing and deoxidising of steel. Oxygen and other gases 
dissolving in steel during the smelting process evolve when the metal 
cools, causing pipes and gas cavities. The gases dissolved in steel 
weaken its mechanical properties. To eliminate these gases it is 
necessary to effect a technological operation called deoxidation. 
This is accomplished by the addition of the ferroalloys of silicon, 
manganese and titanium, which combijie with oxygen to form stable 
oxides that do not dissolve in steel. These elements are called deoxi- 
disers. 

Titanium and zirconium, combining with nitrogen to form stable 
insoluble compounds, are added to steel to eliminate yet another 
gas— nitrogen. 

Alloying elements in the form of ferroalloys are also used in the 
manufacture of high-quality pig iron. 



Part I 

FERROALLOY FURNACES 


Ferroalloy furnaces are divided into two main groups; 

1) ore-smelting furnaces, 

2) refining furnaces. 

The former arc used for smelting all grades of ferrosilicon, most 
of the manganese alloys, as well as the high-carbon grades of fer- 
rochrorne. llchning furnaces arc used for smelting refined grades 
of ferrochrome, ferromanganese and several other alloys. 

Ore-srnelting ferroalloy furnaces are very much similar in design 
to electric furnaces used for smelting pig iron, copper-nickel matte, 
calcium carbide, el-c. These furnaces usually have transformers of 
more than 7,000 kVV. 

Ore-smelting furnaces may he of one- or three-phase type. In the 
Soviet Union one-phase furnaces are built for special purposes 
only and for very limited use. The hath of a one-phase furnace is 
cylindrical in shape with a conductive carbon hearth. The hearth 
is embedded with copper bus-bars. The transformer is connected 
to the hearth and to the electrode by a flexible cable. The one-phase 
Miguet furnace (Fig. 1), which has a power factor of O.Ob despite 
extremely heavy current (250,000 A), is a splendid specimen of 
efficient design. 

Charging is done by machines and the charge loosened by pneumat- 
ic pokers. On the whole, however, the Miguet furnaces are expen- 
sive and complicated and, consequently, arc not widely used. 

There are also one-phase two-electrode furnaces but they too are 
not used cm a large scale. 

Three-Phase Ore-Smelting Furnaces 

In three-phase furnaces the electrodes are arranged either in a 
line (rectangular furnaces) or at the vertices of a triangle (circular 
furnaces). Large furnaces may have as many as six electrodes. 

Rectangular furnaces (Fig. 2) have the following drawbacks: 

1) each electrode forms independent reaction crucible; this 
necessitates operation of three separate tapholes; 



10 


Ferroalloy Fu rnaces 



P’ig. 1. One-phase Miguet electric arc furnaro of 10,000 kVA 

2) the power factor is low because of great distance between the 
outer electrodes; 

3) “wild” (unstable) or “dead” (glow^ discharge) effects are sharp- 
ly expressed. 

Three-phase circular furnaces are used most in the ferroalloy 
industry. Fig. 3 shows the cross-section of the transformer and fur- 
nace aisles of 10,000-kVA three-phase circular furnace. 

In a circular furnace with electrodes at the vertices of a triangle 
the molting crucibles are connected with each other, making 
it possible to operate the .furnace with one taphole. 
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If the low-voltage circuit is well designed, these furnaces may 
have a high power factor, reaching 0.95-0.90 in the case of powerful 
furnaces, and minimum “wild” and “dead” phase effects. 

Furnaces with rotating baths. As soon as the charge reaches the 
high-temperature zone (particularly in the process of smelting silicon 
alloys) it melts down and sinters. The fines ohtaining in the charge 
fill the space between the bigger particles of the charge, sharply 
reducing the latter’s gas permeability, creating bridges and thus 
hampering the descent of the charge as well as the escape of gas. 
To restore normal operating conditions the charge is moved by poles 
and metallic pokers. Moreover, the reaction crucible frequently 
contracts as a result of technological disturbances. Much effort has 
to be spent to broaden it. To eliminate this trouble a new type of 
rotating bath furnace has been designed (Fig. 4). 

Smelting alloys in a rotating bath, furnace improves process 
technology because it ensures effective gas j)ermeability, eliminates 
accretions at the furnace top, facilitates the work of operators, 
prolongs the life of furnace lining, since the high-temperaturo zone 
moves constantly with respect to the hearth and the sides of the 
furnace. 

The speed of rotation of the bath is calculated by the following 
formula: 


_ 2r.2 Weydh 
^ Na 

where ^ — the time necessary for the complete rotation (360°) of 
the furnace in hours; 

Rc — the radius of the electrode circle, in centimetres (with 
the electrodes situated at the vertices of an equilateral 
triangle); 



Fig. 2. Shell of a rectangular 7,500-kVA furnace for 
■smelting ferromanganese 


r 



Fig. 3. Cross-sections of a transformer and furnace aisles of a shop 

1 — lining carbon blocks; 2 — elcctrodc-holder ring; 3— electrode-positioning 
former and the furnace; 6— exhaust hood; 7— gas-evacuating flue; 8— charging 

ing car; 13— monorail; 14— mixture- 



equipped with circular three-phase furnaces of 10,000 kVA: 

mechanism; 4— electrode suspension; 5— low-voltage circuit between the Irans 
pipes; 9— furnace transformer; 10— taphole; 11— tapping apparatus; 12— charg 
storing bin; 1&— electrode mast 
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y — weight of the charge per unit volume, t/nrh 
d — diameter of electrodes, cm; 

/i— depth of immersion of the electrodes, cm; 

A/'— power input per electrode, kW; 

a— weight of the charge melted and reduced per 1 kWh, ton 



Fig. 4. Rolating furnace for i^inolling forrosilicon: 

1 — furnace heart Ii; 2— stools; 3— coiicreLo slab; 4 — rollers; 
fi— circular rail; 6 - taoloi; 7— rcciuclion ecar; 8— crn\\n gear; 

9 -wall 

Optimum rotating speed, however, is determined by practice. 

In the U.S.S.R. furnaces of this type are operating successfully 
at the Chelyabinsk Ferroalloy Smelter. The yield per man is 20% 
above that of the stationary furnaces due to higher furnace output 
and economy of furnace-top operating time. 
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Closed-top furnaces. Ferroalloy furnace gas consists mainly of 
carbon monoxide and has a calorific power of 2,500 kcal/m^. 
Closed-top furnaces arc currently used in the ferroalloy industry to 
recover escaping gases. 

1ji design, closed-top furnaces (Fig. 5) are similar to those with 
an open top, except for the dome-shaped roof. 

Tlie water-cooled dome has a non magnetic framework and is 
lined with refractory concrete or with specially shaped firebrick 
(Fig. 6). The roof is provided with safety valves as a precaution 
against excessive gas pressure in the furnace (Fig. 7). Materials 
are charged into the furnace hoppers by pipes (Fig. 8); a certain 
amount of mixture is always left over in these hoppers; it serves as 
a shut-off valve. Surplus pressure in the furnace dis])enscs with air 
leakage. 

''rijc furnace is cquipi)ed with a flue and a dust precipitation 
system. 







Fig. 7. Roof of a closed-top ore-smcltiag fur- 
nace with safety valves and hoppers for 
mixture charging 
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Fig. 9 

1— hearth; 
columns; 6 


. Ferroalloy rotaling-bath fornace for refining processes: 

2 — electrodes; 3 — electrode holders; 4— mobile columns; f) — stationary 
-electrode-positioning motors; 7— furnace- til ting mechanism; 8 — low- 
voltape circuit 
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Refining Furnaces 

Refining furnaces are stationary or tilting. 

Tilting or rocking furnaces (Fig. 9) have an advantage over the 
stationary ones as far as refining processes are concerned. They 
permit quick tapping, slagging, servicing and lining repairs. 

On the other hand, tlieir maintenance requires greater skill and 
their inanufacture and installation bigger outlays. 

As for their design, only the bath (Fig. 9) or the whole furnace 
structure with the electrodes (Fig. 10) may be tilted. 



Fig, 10. Steel framework of a modern three-phase le- 
fining furnace 

Fig. 11 shows a refining furnace with a rocking and rotating 
bath used for smelting ferromanganese. 
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Ferroalloy Furnaces 


New types of standard ferroalloy furnaces are now being designed 
in the Soviet Union with due account of operating practice and 
technology requirements. 




Chapter 1 

FERROALLOY FURNACE HEARTH DESIGN 


Main Structural Features of Ferroalloy Furnace Hearths 

The shape of the hearth of a ferroalloy furnace depends on the ar- 
rangement of electrodes. One- or three-phase furnaces with equilat- 
eral-triangle arrangement of electrodes have a circular heartli; if 
the electrodes are arranged in a line, the hearth is rectangulat or 
elliptic. The dimensions of the hearth are determined by the designa- 
tion of the furnace and its rating. 

The main design features of a ferroalloyj furnace hearth are the 
following: 

1) electrode diameter and diameter of the electrode circle; 

2) diameter and depth of the hearth; 

3) diameter and height of the furnace shell. 

The chief design characteristics of the ferroalloy furnaces now in 
use are given in Table 1. The table also provides data on specific 
power consumption parameters which relate hearth dimensions to 
furnace power rating. 

The main characteristics of hearth performance are ils campaign 
and heat losses through the side walls and the bottom. Furnaces 
smelting silicon alloys are usually relined after seven to ten years, 
while the campaign of furnaces smelting refined ferrochrorne lasts 
only one year. Heat losses range from 0.5 to 3% of total power 
consumption. 

Furnace Shell 

The shell of a ferroalloy furnace should be strong enough to with- 
stand all the' stresses imposed at elevated temperatures by the weight 
of the lining, the raw materials and the metal, as well as the pressure 
exerted by the furnace lining as the re.sult of heat expansion when 
the furnace is fired. 

Shells of stationary furnaces ore manufactured from 15 to 25 mm 
steel sheets either welded together or riveted. When carbon lining 
is used, the seams should be hermetically welded to prevent the 
lining from burning out. 
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Ferroalloy Furnace Hearth Design 23 

To make the design more rugged standard channels are welded on 
the inside along the generating lines of the cylinder; moreover, three 
or four horizontal stiffening hoopings, made of sheet metal and 
rolled stock or of rolled stock alone, are welded onto the shell. 

In the tapholo area the shell is reinforced either by a steel casting 
or by sheet metal, which carries cast or welded taphole fittings. 

Large ore-smelting furnaces with circular hearths are provided 
with one or two tapholes. In the case of two tapholes, one is in 
operation and the other in reserve; the latter is tapped periodically 
to keep it in operational condition. If technology requires separate 
tapping of metal and slag, two tapholes arc provided: one for metal 
and the other for slag; if metal is separated from slag outside the 
furnace, the second taphole is not necessary. When electrodes are 
positioned in line, individual tapholes are arranged opposite each 
electrode. 

Some Soviet smellers operate today with magnesite lined furnaces 
without shells; four stiffening belts made of horizontally and ver- 
tically positioned channels are ])rovid^d. Ta[)lio!es are made of weld- 
ed steel plates and fastened to the columns which brace the stif- 
fening hoopings. The furnace bottom rests on I-beams or channels, as 
in furnaces with shells. 

The rota ting-hearth furnace shell is so mounted that its bottom, 
fastened to parallel I-beams (which also serve as air-cooling ducts), 
.rests on a rein forced-concrete plate. The running wheels of the 
reinforced-concrcte plate rest upon a circular rail embedded in the 



Fig. 12. Shell of a 3,500-kVA rocking furnace 
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furnace foundation; the rail is strictly trued, up both horizontally 
and vertically. 

The shell of a rocking furnace should be extra rugged and strong 
because it undergoes considerable stresses when the furnace is tilted. 
The shell bottom in this case is shaped like a trunked cone 
(Fig. 12). 

A hooping in the form of a tray is fastened to the upper edge of 
the shell in closed-top furnaces and serves as a stiffener as well as 
a seal (sand or liquid) to prevent gas evolution. 

Refractories 

The life span of refractory lining has a serious effect on the furnace 
performance: output, costs, etc. 

Furnace burnouts caused by low-quality refractories or poor 
lining lead to considerable down-time and large losses of electric 
power for furnace heating after repairs. 

Refractories in furnace linings are exposed to thermal, chemical 
and mechanical wear and should, therefore, possess high physico- 
chemical properties. 

A metallurgist should have a perfect knowledge of these properties 
and should be able to determine the quality of the refractories, 
and ensure adequate maintenance aft6r properly lining a furnace. 

Refractories in ferroalloy production are used not only for fur- 
nace linings but also for casting alloys and for lining roasters and 
crucibles for thermic metallurgy. 

The following most important properties should be i)rovided 
in refractories: 

Refractoriness is a capacity of a material to withstand high tem- 
peratures. It is characterised by the temperature at which a standard 
specimen of the material loses its initial form by gravity. 

Fire resistivity is a capacity of a material to retain its initial 
form under load at high temperatures. It is characterised by the 
temperature at the beginning of deformation under a load of 
2 kg/cm^. 

Spalling resistivity is a capacity of a material to retain its mechan- 
ical strength under repeated sudden changes of temperature. To 
determine spalling resistivity six normal bricks are healed up to 
850 °C and then cooled in running water. These procedures are 
repeated until they lose 20% of their initial weight, the number of 
consecutive temperature changes being the characteristic of spall- 
ing resistivity. 

Chemical stability or slag stability is a capacity of a material to 
resist, at high temperatures, chemical corrosion by slags or melts, 
which form easy-fusing compounds with refractories. To test the 
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refractory, it is submerged in melted slag heated to a given temper- 
ature. 

Mechanical strength is determined by the capacity of a material 
to resist compressive stress. It should be noted that the strength of 
various refractories varies with the rise of the temperature. For 
example, at normal temperatures, a magnesite brick is 2 to 3 times 
as strong as a silica brick, while at 1600°C a silica brick is 2 to 
3 times as strong as a magnesite brick. Heated up, some refractories 
tend to contract, others to expand. Contraction leads to a loss of 
structural strength, while expansion may entail -the crushing of 
brickwork. 

Heat conductivity is a capacity of a material to conduct heat; 
the heat conductivity of most of the refractories rises with the 
temperature. Lower heat conductivity of lining materials means 
lower heat losses and electric power consumption per ton of alloy. 

Electric conductivity is characterised by specific resistance. 

Refractories are acid, basic or neutral, depending on their chemi- 
cal composition. 

Silica brick is an acid refractory. The raw materials for its manu- 
facture are quartz and quartzite. These materials are almost pure 
SiOg. Prepared silica contains 92-96% Si02, the rest being impuri- 
ties (AlgOg, Fe 203 and GaO). GaO is added mainly as a binder and 
mineralising agent; to this end from 2 to 2.2% of lime water is added 
• to the silica mixture providing mineralisation. Silica-softening tempe- 
rature (1650°G) is close to its fusion point (about 1750°G). Silica 
is seldom used in ferroalloy production. The use of silica in ferroalloy 
furnaces may be recommended only for coating carbon linings in 
smelting silicon alloys. This is done to protect carbon lining during 
the heating-up periods, as well as for heat insulation (particularly 
lightweight silica). 

Crushed magnesite is a basic refractory, manulactured by calcin- 
ing natural magnesite at 1650°G. Galcining at this high tempera- 
ture prevents subsequent moisture absorption and contraction. 
Grushed magnesite is used for sintering furnace hearths (in iow- 
carbon ferromanganese smelting practice), for filling the magnesite 
lining joint^ of furnaces smelting refined ferrochrome, aiidTfor filling 
the space between the furnace shell and its lining. This filling 
serves as thermal insulation and bumper which takes all the 
stresses caused by thermal expansion. 

Magnesite brick is manufactured from crushed magnesite. Iron 
scales are added to the mixture to improve calcination, and 2-2.5% 
of finely ground red clay (alumina) and approximately 5% of water 
are added to provide better heat resistivity. Bricks pressed from 
this mixture are fired at about 1650°G. The fired bricks consist of 
periclase crystals cemented by silicates. Magnesite bricks assay at 
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least 90% MgO and at most 3% of CaO. The specific weight of magne- 
site brick is 3. 5-3. 6, its refractoriness about 2000°G. 

Magnesite bricks well withstand basic slag effect but lack fire 
resistivity: sudden temperature changes cause spalling. The electric 
conductivity of magnesite bricks rises with the temperature. Loss 
of mechanical strength comes at temperatures considerably below 
its fusion point, since its softening temperature is 1500°G. 

Magnesite bricks are used widely in the hearth and wall lining 
of furnaces smelting ferrochrome, fcrrotungsten and low-carbon 
ferromanganese. 

Smelted magnesite is obtained by smelting crushed magnesite in 
an arc furnace. The smelting of crushed magnesite removes impuri- 
ties such as FegOg and ALOg and raises the MgO content to 98%. 
The temperature for softening smelted magnesite is 1675°G. 

Practice has shown that resistivity of furnace linings with smelt- 
ed magnesite is higher than that of usual magnesite; so is its cost. 

Firebrick — a neutral refractory — is manufactured from fired 
refractory clay and contains approximately: 62% Si02, 35% AI 2 O 2 + 
-j-TiOa, 2% FeaOg, 0.7 % GaO and 0.3% MgO. The presence of ferrous 
oxide and calcium oxide is undesirable because it considerably 
lowers the fusion point of a firebrick. The refractoriness of a firebrick 
is 1670-1730 °G, the softening temperature— 11 50-1 350 °G, specific 
weight— 2. 5-2. 7 g/cm^. Its heat resistance is high, and heat con- 
ductivity and electric conductivity are low. 

The firebrick is the cheapest of refractories and is used wherever 
technically possible. It is used for the thermal insulation of ferroal- 
loy furnace hearths and walls as well as for the lining of all furnace 
elements not exposed to high temperatures. Ladles and launders 
may also be lined with it. 

Carbon blocks — carbon refractories — are able to withstand temper- 
atures up to 2000 °G. They are made of anthracite or fine coke, 
with pitch as a binder. 

Carbon blocks are distinguished by high stability against acid 
as well as basic slags containing no oxides, capable of being restored 
by carbon at given temperatures. The heat-resistivity of carbon 
blocks is satisfactory; rapid cooling causes cracks. High mechanical 
strength is a feature of the refractory at both low and liigh temper- 
atures. Its heat and electric conductivity is high. At temperatures 
above 500°G carbon linings should be protected against air or gases 
containing oxygen, as well as against water vapour since carbon 
oxidises at these temperatures. Consequently, furnace shells lined 
with carbon blocks should be airtight. Adequate servicing prolongs 
the service life of a carbon lining to five or more years. 

Carbon blocks are widely used for lining furnaces smelting silicon 
alloys and ferrotungsten, as well as for lining tapholes and launders. 



Ferroalloy Furnace Hearth Design 


27 


Lining of Ferroalloy Furnaces 

The choice of refractories for furnace lining is determined by 
the technology of smelting, by the character of the slag and alloy 
composition. The ferroalloy furnace lining is distinguished by the 



Fig. 13. Lining of a 11,500-kVA ferroalloy furnace for smelting 
silicon alloys: 

1 — firebrick lining of -walls; 2— carbon blocks; 3— firebrick filling; A--- sheet 
.asbestos; j - nnodc-paslc tamping; 6 — firebrick lining; 7- firebrick insu- 
lation layer; 8— silica brick 

considerable thickness of the hearth which ensures greater thermal 
inertia and stability of temperature in the smelting zone of a furnace 
during short idling periods. Further, a fact common to all ferroalloy 
furnaces is that the actual working layer of the furnace lining is the 
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so-called coating, i.e., accretions formed’ by. burden components, 
lining fragments and smelted alloys. 

One method of lining a large ore-smelting furnace for silicon alloys 
is shown in Fig. 13. The hearth bottom is first lined with sheet as- 
bestos, then a 50 mm layer of crushed fireclay, and this is followed 
by an insulating layer comprising six courses on the flat of the fire- 
brick; the second and third courses are masoned with mortar, while 
the rest are dry masonry. A thermocouple is embedded in the second 
course of the brickwork in the centre of the furnace. A layer of 
ramming mixture (anode paste with a lesser amount of pitch) is 
tamped over the firebrick. Three courses of carbon blocks (1,400 X 
x400 x400 mm) are laid over the latter; such a lining presents a 
minimum amount of joints. Block joints are tamped with a ram- 
ming mixture by means of special metallic tampers which are heated 
before being used to provide for a more compact filling of joints. 
The breadth of a joint is 70 mm, since a narrower joint cannot bo 
tamped satisfactorily. The furnace shell is lined on the inside with 
asbestos sheet. which is topped by an insulating layer of three on- 
edge courses of firebrick. 

A crushed fireclay filling approximately 100 mm thick is provided 
between the insulating layer and the asbestos. This filling serves 
as a precaution against shell deformation and rupture due to the 
expansion of the lining during the- heating-up periods. Channels 
left in the lining in addition to this provide for heat expansion as 
well as for the evacuation of gases when the furnace is heated up. 
These channels are subsequently filled with crushed fireclay. Hearth 
walls, 550 to 800 mm thick, arc lined with carbon blocks to a height 
of 1,300 mm from the bottom. The walls above the carbon blocks 
are made of firebrick (laid on edge with a crushed fireclay filling). 

The inside furnace lining is faced with brick, preferably silica, to 
preserve carbon blocks from oxidation during the heating-up process. 

The taphole is lined as follows: a carbon block approximately 
2 m long is inserted into the upper course of the bottom lining; 
its external end reaches out into the taphole opening of the furnace 
shell. The remaining cavities between the fittings, blocks and lining 
are filled with anode paste. The furnace shell is cut out above the 
taphole block and the so-called arch is tamped with anode paste. 
This tamping is periodically renovated, approximately every five 
to seven days, by means of a special iron flap behind which the finely 
ground mixture is tamped. The mixture is sintered due to the heat 
from the furnace. Another method of taphole lining is shown in 
Fig. 14. 

Liquid metal runs from the taphole along the block into a ladle 
or the receiving end of a runner and then through a launder into 
a mould. The receiving end and the runner are made either of sheet 



Left- SI ae view (arroN B) 



Fig. 14. Taphole lining of a 7,500-kVA ferroalloy furnace for smelting silicon alloys 
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metal or sections of iron castings. In the first instance, the runner 
is lined with carbon blocks, in the second with firebrick. In both 
cases the lining is covered with tamped anode paste. 

Furnaces for smelting ferrochrome, refined ferromanganese, etc.^ 

Section Ad 





Fig. 15. Lining of a 3,500-kVA ferroalloy furnace 
for smelting refined ferrochrome 
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are lined with magnesite brick. One type of furnace lining for refined 
ferrochrome smelting is shown in Fig. 15. The furnace bottom is 
lined with sheet asbestos and then covered by a 50 to 80-mm layer 
of fireclay powder. This is followed by an insulating course of fire- 
brick on the flat and the magnesite bottom (from six to eight courses 
of dry-on-edge masonry). The joints of each course are filled with 
magnesite powder (crushed magnesite passed through a 2-mm sieve). 

Two types of brickwork are used: herringbone and bonded brick- 
work. Herringbone brickwork is mostly used, for the bonded pattern 
requires bricks of absolutely the same dimensions for each course; 
their selection is a labour-consuming operation. 

The walls are lined with magnesite brick 1,600 mm thick at hearth 
and 230 mm thick at platform level. The use of wedge bricks is ad- 
visable for better lining performance. 

The furnace is provided with two tapholes: one for slag and the 
other for the alloy. The eye of the alloy taphole is 150-200 mm above 
the hearth level. The level of slag hole is determined by the maxi- 
mum alloy level prior to tapping; usually the slag hole is 150 mm 
above the alloy taphole. Launders (both for slag and alloy) are lined 
with magnesite brick. 

The furnace campaign depends to a great extent on the quality 
of furnace lining. 

Drying and Heating Operations 

Drying and heating operations are important procedures which 
have a direct effect on the lining campaign. 

The duration of drying and heating procedures is determined by 
the time necessary to attain normal productivity and normal specif- 
ic power consumption per .ton of alloy. 

The sequence of drying and heating a furnace (from 8,000 to 
12,500 kVA rating) as well as of the electrode baking procedure is 
as follows. 

1. Prior to drying, the electrode hoisting mechanism is so adjusted 
that in its lojvest position the electrodes are approximately 100 mm 
from the hearth and the level of anode paste in the furnace shell is 
2 ni above the clamps. 

2. The drying of the hearth and electrode baking are started 
with firewood. Drying with firewood should last at least 16 hours. 

3. Fine coke is added following the drying with firewood; its 
amount should be sufficient, to form a pad 200-250 mm thick on the 
hearth. Electric power is then applied. 

4. During the initial four hours of operation the electrode current 
is kept at approximately 7,000 A. Power is switched on for one 
hour and off for the next. 




Heatmg begun v/itb the 
fnnn fiotuer en the 2mi ¥ot_ 
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Fig. 16. Approximate heating-up schedule for a furnace smelting 
silicon alloys 
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input level is reached with idling intervals of minimum 30 minutes 
every hour without charging the mixture. 

6. The burden is charged when power consumption attains 2/3 of 
rated power consumption. The amount of burden cliargcd prior to the 
opening of the taphole should average two- three charges per hour. 

This minimum charge is necessary to protect furnace equipment 
from overfire; charging at a more frequent rate than the one men- 
tioned above may cause the furnace bottom to freeze, and this lowers 
furnace efficiency. 

7. The taphole is opened when from 20,000 to 25;000 kWh of elec- 
tric power have been consumed from the moment of initial charging. 

8. Raw materials arc charged at a normal rate after the first 
tapping and the attainment of rated power input. 

The furnace is considered heated when the temperature of the 
bottom reaches approximately OOO^'C (sample healing time-tables 
are given in Fig. 16, a and b). 

Prior to heating a refining furnace intended for smelting refined 
ferroclirome, its bottom and side walls are fettled with a mixture 
of ore and lime (1,800 kg of ore and 1,650 kg of lime). The furnace 
heating procedure follows approximately the time schedule given 
below. 

1. The furnace is charged with materials (comprising 1,800 kg 
of ore, 1,650 kg of lime and 360 kg of ferroclirome silicon) which 
‘are then melted; furnace power is switched off every 60 minutes 
to level off lining temperatures. 

2. When the first charge has been smelted a second batch, consist- 
ijig of 1,800 kg of ore, 1,650 kg of lime and 360 kg of silicochrome, 
is charged and smelted as in the first instance. 

3. When the second batch has been smelted a burden with a nor- 
mal weight of ferroclirome silicon (1,800 kg of ore, 1,650 kg of lime, 
720 kg of ferroclirome silicon) is charged. Its smelting requires 
3,000 kWh. It is smelted much in the same manner as the two 
preceding batches. Slag is tapped when the smelting has been 
completed. 

4. After the third charge has been smelted two normal charges 
are melted and slag is tapped into a ladle; when the third charge 
has been melted the taphole for the metal is opened and both the 
metal and the slag ^re tapped. 

The heating procedure of the above-mentioned type of furnace 
requires about 50,000 kWh of electric power. 

The furnace is considered to be heated when the temperature of 
the bottom reaches 400 °C. 


3—1456 



Chapter 2 

MECHANICAL EQUIPMENT OF FERROALLOY FURNACES 


The mechanical equipment of a ferroalloy furnace comprises the 
following mechanisms: 

1) electrode holder, its suspension, slipping and positioning 
mechanisms and electrode winch; 

2) furnace-cooling system; 

3) burden-conveying and charging systems; 

4) fan ventilation; 

5) electrical tapping apparatus. 

Electrode Holder, Its Suspension, Slipping 
and Positioning Mechanisms 

Two types of electrode holders are used in ferroalloy furnaces: 
freely suspended and rigidly connected to a mobile carriage or arm. 

Furnaces with a Freely Suspended Electrode Holder 

Furnaces equipped with suspension-type electrode holders are 
widely employed: such electrode holders are installed on all largo 
ore-smelting furnaces as well as on some refining furnaces. 

The most important assembly unit in an electrode holder is the 
clamp. It is meant to hold the electrode in a definite position and 
to ensure perfect electrical contact between the clamp and the 
electrode. 

The electrode clamp operates in high-temperature conditions and 
consequently should he provided with a reliable water-cooling 
system (Fig. 17); this system should he* sufficiently rigid and, when- 
ever possible, made of heat-resisting materials. Until recently 
ring clamps consisting of a ring, clamping screws with nuts and 
contact clamps, were used. 

Contact clamps are cast of copper or copper alloys— bronze or 
tombac; these alloys are distinguished by low resistivity and 
satisfactory heat conduction,, which makes for their reliable func- 
tioning. Satisfactory operating results are obtained with contact 
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clamps made of chromous copper. Clamps may be hollow or with 
a cast-in steel (preferably copper) tube for water cooling. 

Contact clamps are rectangular (for a 12,000-kVA furnace clamps 
dimensions are 1,000x333x60 mm) with a rounded lower edge. 
Clamps made of copper water-cooled piping have shown good operat- 
ing results. 

Current density in the clamps usually averages 1.4-1. 7 A/cm^. 
To prevent current leakage between the clamp and the ring (that 
is very important from the point of view of operational reliability) 
the clamp and the pressure screws are insulated' with asbestos or 
micanite which are inserted into a special clamp hbusing at the 
point where the clamp contacts the clamping screws or the thrust 
block. Insulation is protected by a steel plating inserted between 
it and the screw. 

Current to the contact clamps is supplied by copper pipes 70 mm 
in diameter." Clamps are suspended from the electrode shell by in- 
sulated lashings which ensure the flow of electric current only 
from the clamp to the electrode. 

The ring is composed of two halves (Fig. 18) interconnected by 
two steel pins through bronze sleeves. The use of half-rings precludes 
a continuous magnetic circuit which is formed by current flow- 
ing through the electrode. It is advisable to manufacture rings 
out of noil-magnetic heat-resisting alloys which eliminate electric 
power losses on ring magnetising, as well as the need for water 
cooling. 

Half-rings are hollow welded or cast steel casings with pockets 
containing specially shaped clamping mils. The number of clainping 
screws corresponds to that of the clamps (six to eight in large fur-* 
naces). 

Nuts are made of cast iron or, better still, of bronze. The recess 
on the outside of the ring follows the shape of the nut. The nut 
inserted into the recess is rotated 90^, then immobilised by two stop 
pins; the latter prevent it from rotating, while the flange of the recess 
prevents it from falling out. The pins are consolidated by a plate 
inserted into guides welded to the upper surface of the ring. The 
nut is inserted and extracted together with the screw as it is often 
impossible, in emergencies, to unscrew the nut quickly. 

Clamping screws are loosened on the outside of the ring (two or 
three screws) when it is necessary to slip the electrode. The screws 
are loosened and tightened without laying the furnace down. 
Wrenches should be well insulated while workers slipping the elec- 
trodes should position themselves on non-conducting supports. 

A number of electrode holders equipped with remote-control 
slipping mechanisms have been designed to facilitate the slipping 
of electrodes as the work with long and unwieldly socket wrenches 
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is cxliaiisliiijL^. A hydraulic clam|) 
is used ill some designs (Fig. J9). 

Pressure iu Mios^^stom in tliiscase 
e(]ua]s 2r)-^^0 kg/cm-; I he clamp- 
ing dovico drives (he clamp 
close against (he electrodes. When 
an electrode is lo he slipped 
pressure in the system should he 
remoA'ed, and the clamping de- 
vice then releases the clamp. y\ 
furnace ofiuippod with such a de- 
vice is shown in Fig. 20. 

A numher of designs of si»ring- 
• .Vlio clamiring doxices have 
t»(‘eu recently worked out in (lie 
U.S.S.U. In I his device the press- 
ure on Ihe clarnp exerted hy 
I w’o springs is adjusted hy a 
r('gulatiug serc'w. A somewhat 
simpler clamping device of (he 
same type has lieen successfully 
(('Sted and is now used al. the 
(1 lie 1 y a t) i ns k F e rroa 1 1 oy Sme I te r 
(Fig 21), I'dectrode slipping in a furnac(‘ <*ijui])ped with a spring 
clamping doxice requires only reposii ioniug (he limiliiig Jilocks 
and ioosening (he friction griji of tlie hi’akiug mechanism. This 
griaUly reduces the time and labour necessary for the electrode slip- 
ping operation. 

Practice lias shown (hat spring clamiis are ahsolutely reliable. 
Spring clamps permit electrode slipping wiltiout jiowor injiut lim- 
ilatious; a iiorfect “clamp-electrode” contact is ensured on the 
clamps 1 hanks lo even and constant spring pro.ssnriq this jirolongs 
I ho service life of the clamps and drast ically reduces their hiirnout 
failures. Spring clamps are at present installeil in large Soviet - 
made furnaces. 

In .a freely suspended electrode holder Ihe weight of tlio electrode 
acts on the electrode shell (made of 8 lU nun sheet steel) which 
eu\elo]>s the entire length of the electrode. 

The electrode shell diameter is 100-150 mm larger tlian that 
of I lie elect rode. The clearance between tlie shell and the electrode 
serves as a channel for air delivered into the cylinder hy a blower. 
The air is directed down to the clamps. The upper end of the elec- 
trode shell is provided with an asbestos or ruhher gasket; fan air 
IS fed Lo a wind box welded onto the gasket through a goffered hose. 
A 10,000-kVyV furnace is equipped with a 40,000 m-^hr hloxver. 



10. A ri’.i iincmrii'r of I ho 

cliun |)i iig (liiiiii 
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A furnace cannot be operated long without the electrodes being air- 
cooled, which makes it necessary to install a spare blower for a 
group of furnaces. Individual blowers installed on the upper end 
of the electrode shell may also be used for the air cooling of elec- 
trodes. Thus the electrode shell solves simultaneously a number of 
problems: suspension of electrodes, their protection from heat radia- 
tion and furnace top gases, cooling of electrodes for anode paste 
conditioning. The air fanning of the electrodes protects their sur- 
face above the clamps from dust, thus ensuring reliable contact 
l)e tween the clamp and the electrode. 

It should be pointed out that in winter warm air sometimes 
has to be fed into the shell as electrode-baking temperature condi- 
tions are disturbed by cold air and the electrode paste is insufficient- 
ly heated. The result is that the electrode-baking process becomes 
abnormal, reducing the mechanical slrcngth of the baked electrode 
and worsening electrode duty because of higher oxidising reac- 
tivity. 

In certain cases a hollow water-cooled box (shields of the cleclrode 
shell) consisting of four to eight sections made of 3 to 4 mm slieel 
steel, is fastened onto the lower end of the electrode shell to improve 
electrode performance. The clamps and the ring of the electrode 
holder are fastened through insulated supports to a ring provided at 
the lower end of the electrode shell* Water-cooled cross-bars carry- 
ing mobile slipper blocks and copper water-cooled conducting tubes 
are secured to the centre of the electrode shell. 



Fig. 20. Furnace of 7,500 kVA for smelting ferromanga- 
nese, with 1,100-mm electrodes and clamping drums 




Water outlet 
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In suspcMisioii-typc olocirode holders, Uie framevvorJv, made of 
channels and possessing two vertical uprights, is ^velded to the 
up|)er end of the electrode shell. The uprights are topped by a pulley 
casing. Steel cables are reeved in the pulleys and ^vound on the winch 
drum of the hoisting mechanism located on the electrode platlorm. 
One end of eacli cable is fixed to tlie winch frame, the other is secured 



Fig. 22. Elcclrodo-posil ioniiig wijicli 


to the winch driiin. The drum is driven by a motor ajid a self-lockijig 
transmission gear, Tlie pulley casing is insulated from the npriglils, 
as the uprights, the frame and the shell are usually under vol- 
tage. 

The median ism for feeding the electrode shell is shown in Fig. 22. 
It consists of motor d, Asorm traiismissioii gear //, two pairs of spur 
pinions C and B, and two drums B. 

Rating of motors varies with the presence or ahseiicc of the coun- 
terweight. Made of massive iron plates it i)alances the woiglit of 
the electrode and the electrode holder. The speed of oAeclvode travel 
is within 0.3 to 0.6 m/min. Each winch is provided with a safety 
catch to limit hoisting or lowering. 

Compact gear winches or hydraulic devices are being cxtejisively 
used of late as drives for electrode-feeding mechanisms. 
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Electrode-Slipping Devices for Furnaces 
with Freely Suspended Electrode Holders 

The olecirodc should he slipped as it is consumed, i.e., its \vorkiiig 
end should he olojigalod. The clcclrode is slipped hy means of a 
special braking device while the furnace power is on. 



Fig. 23. Bralong device* for the slippiug of elect rodos 

A self-baking electrode of an ore-smellijig furnace is suspejided 
from two steel bands 7 (Fig. 23) welded to (he electrode shell 6‘. Each 
baud is reeved Viirougb two iron idocks 5 to provide iriction and 
through friction grip actuated by wheel 4. Hand 2 is reeled oji an 
iron rod resting on two brackets. The band is clioseu of a si/e ca- 
pable of withstanding the weight of the electrode. For a 9r)0-mm 
diameter electrode the baud cross-section is 1.5 X120 mm. As the 
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olccLrode is gmdually fed down Ibe band is welded to the shell. 
In working posilJoii the device is locked' and the electrode travels 
together with the electrode holder. The electrode-slipping operation 
is j)erformed as follows: 

a) limiting blocks 7 are moved to the distance of electrode ' slip- 
ping, i.c., approximately 100 to 250 mm above the locking 
grip; 

b) both grips are loosened simultaneously by rotating the wheels, 
and the electrode siiiks by gravity when the electrode holder is 
c«] nipped with spring-locking mechanism; when the electrodes arc 
locked by setting screws the latter are loosened with’ socket 
wrenches and are retightened when the operation is over; 

c) as soon as the electrodes have been slipped friction grips are 
tightened with the aid of the above-mentioned wheels. 

A new spring-pneumatic device intended to mechanise the above 
operation was recently designed in the Soviet Union. 

Its main elements are two grip rings (upper and lower) which 
lock and slip the electrode by means of compressed air, fed to and 
evacuated from rubber cylinders. 

The lower grip is secured to the electrode shell wdiile the upper 
one is stationary. The movement of the upper grip is ensured by 
hydraulic jacks or springs. 

When an elecirode is to be slipped air is let out of the cylinders 
of the lower grip and jack pressure is removed, after which the 
electrode sinks by gravity. The low'cr grip is then locked and the 
upper one is freed; the latter is lifted by means of jacks or springs 
and is again locked. 

The cliief advantage of Ibis design is the possibility of reniote- 
cojitrolling the electrode-slipping procedure and the absence of bands 
welded to (be electrode shells, thus ensuring a smool-h surface for 
the electrode and a more reliable contact bclween the clamp and 
the electrode. 

Furnaces with Electrode Holders Rigidly Connected 
to a Mobile Carriage 

Electrode holders of this type are used in refining furnaces; they 
may be divided inlo several types: tong, chain or ring. Fig. 24 shows 
a tong-type electrode grip used for an electrode 300 mm in diameter. 
The electrode grip is provided with two contact clamps 1 and 2 
with conducting buses 5 and water-cooling system 6*, articulated 
joint 3, and coupling screw 4. The grip is tightened or loosened 
by a coiipling screw. 

An electrode grip of the chain type is showm in Fig. 25. This grip 
is provided with four clamps interconnected by articulated joints 



Fig. 25. Chain-type electrode holder for a 400-inni electrode 
1 — contact clamps; 2 — bracing screw; 3 — alcetrode suspension 
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and Jjraccd together by a screw. The provision of four clamps in- 
creases their surface of contact with the electrode. 

The spring-pneumatic grip shown in Fig. 26, recently designed, 
is successfully operated; there are indications that this lyi)e of 
grip may displace all other designs of clamping devices. 

Tlic electrode is locked by clamps 1 (secured to ring 2) and clamps 
3 fastened to stem 4. Clamping is brought about by stem 4 arid 
s])rings 5 while declamping is effected by lever 6* with pneumalic 



Fig. 28. Diagram of clcclrodo-nositioiiiiig mechanisms (arm 
t type): 

a— with mobile carriage; b— with telescopic support 

drive 7. When compressed air is fed into the pneumatic drive cylin- 
der the piston actuates stem 8\ lever 6, moving left wise, pulls 
stem 4, thus compressing spring 5 and freeing Uie electrode. The 
clamps are suspended from the ring secured to an angle bracket 
by means of holts. Since the mechanism operates in high-lempora 
turc conditions, the electrode grip clamps^are walcr-cooled. Current 
is fed through pipes 9 which simultaneously serve as water ducts. 

When the furnace is operated with graphitised electrodes it 
is of prime importance lo shorten the length of (he working end 
of the electrode to avoid breakage. ITie spring-pneumatic grip 
for these electrodes was designed at the Chelyabinsk Ferroalloy 
Smelter (Fig. 27). 

There are two types of travel mechanisms of bracket-type elec- 
trodes (Fig. 28): a stationary upright with a mobile carriage and a 
mobile upright connected to a carriage (telescopic upright). 

In mechanism''with a mobile carriage (Fig. 28, a) the horizontal 
arm supporting the electrode grip is connected to the carriage mov- 
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iiig on wheels along the sluUonary upright. The stationary uprights 
more often than not are columns of a rectangular cross-section 
with counterweights located inside. The uprights are braced into 
a single framework. 

In mechanism with telescopic uprights (Fig. 28, d) the horizontal 
arm is rigidly connected to tlie upright which moves along with the 
arm. In this case the mobile upright moves on guiding rollers in- 
stalled in the stationary uprights; the latter are secured to the 
furnace shell. 

In Loth cases the liorizojital arm is cither a thick steel tube 
reinforced by stiffening ribs or a welded box-like water-cooled 
beam. 

A furnace equipped with telescopic electrode holders is smaller 
than that equipped with mobile carriage electrode holders. More- 
over, electrode holders with telescopic uprights ensure belter water- 
cooling of the arm, permit rapid adjustment of electrode circle 
diameter and allow the use of simple designs for the rnechanised 
slipping of electrodes. The electric hoisting mechanism, however, 
is more massive and requires a more powerful electric motor. 

Electrode carriages or mobile uprights are actuated by electric 
or hydraulic drives. The motors of electrode-hoisting mechanisms 
are installed behind the uprights or on the upper furnace platform, 
yiiey are equipped with counterweights to reduce power consump- 
tion. The drives slioiild be of a closed type (dust-proof body); electrode 
travel speed is 0.7 m/min. Carriage travel is adjusted by extreme 
position catches. The arrangement of mobile elements of an elec- 
trode-hoisting mechanism is shown in Fig. 28. 

Cooling System 

Temperature in the working zone of an electrode holder of a large 
ferrosilicon furnace reaches 400^G atid may rise to lOOCG when 
an overfire occurs. Temperat ure in the working zone of an electrode 
holder is about GOO'^G during the melt-down i)oriod in furnaces 
working on the batch principle. Therefore, the electrode holder 
and conducTing circuitry should bo water-cooled to ensure normal 
operation. 

Furnaces are provided with the following water-cooling systems: 

1) cooling of current-conducting pipes and contact clamps; 

2) cooling of electrode-holder ring; 

3) cooling of electrode shell; 

4) cooling of the surface of the supporting framework exposed 
to heat from the furnace-top. 

Water fed into each water-cooling system from a post is subse- 
quently returned to the header. Each feeding branch is equipped 
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with a valve to regulate water flow. In the zone of flexible cables 
water is fed and collected with the aid of rubber hoses with ther- 
mal insulation. 

Each electrode holder should he cooled independently. Clamp- 
cooling systems should also be independent and electrically in- 
sulated from all other cooling systems. Fig. 17 shows the clamp- 
cooling system diagram. 

Contact clamps are cooled in pairs or in a scries system, i. e., 
water out of current-conducting tube goes through a copper pipe 
into one clamp (“little lyre”), then through a second pipe to the 
second clamp (“big lyre”), tlien again through the “little lyre” 
into the current-conducting tube and after that into the header. 
Other furnace elements arc cooled in the same way to ensure efficient 
use of the thermal capacity of water, i.c., to lower its consumption. 

Over-all water consumption averages 5 ni'^hr per 1,000 kVA 
of transformer rating. The temperature of the outflow should not ex- 
ceed bO'G to prevent salt deposition on the inner surface of 
cooled elements. 

To remove salt deposits it is recommended to flush the cooling 
system with a weak solution of hydrochloric acid. Water pressure 
in the feeding syslem should average 8 atm. It should bo noted 
that coolijig water carries away heal. \j. 1. Morozensky and 
(t. M. Weinstein have calculated that, in the case of a 7,800-kVA 
furnace, the boat carried away by water amounts to 980 kW, with the 
half being lost through the cooling of contact clamps. Consequent- 
ly, there has been a tendency of iate to use heat-resisting eleraenls 
instead of water-cooled ones wherever possible, or to utilise the 
heat of ouigoing water. Furnaces requiring no cooling of electrode 
shells and electrode- holder suspension ring have been used suc- 
cessfully in recent years. 

Mixture-Conveying and Charging Systems 

Consumption of raw materials for the majud’acture of certain 
grades of alloys exceeds 180 tons per day per furnace. Mechan- 
isation of mixture conveying and charging is Iherefore of prime 
importance. Preparation and conveying of mixture in Soviet smelt- 
ers is fully mechanised, but machine-charging has not as yet been 
solved for all alloys. Fig. 29 shows a raw-material conveying flow- 
sheet in use at most Soviet ferroalloy smelters. 

Mixture prepared in the stockyard is brought by inclined belt 
conveyors to horizontal conveyors and thence by a tripper to furnace 
bins. The bin shutter is about 3 metres above the platform used 
for electrode jointing. The shutter is equipped with a vibrating 
tray feeder shown in Fig. 30. 


4—1456 







4 * 



52 


Ferroalloy Furnaces 


From the furnace bins the mixture is transferred to a monorail 
proportioning trolley equipi)ed with spring scales. The carriage 
drive, shown in Fig. 31, is a telpher. The carriage moves along a 
monorail, stops at each bin and takes in the necessary amount 
of required mixture. 

It then travels to the furnace pockets and empties the mixture 
into one of tlicm through a drop bottom. 



Fig. 32, Weigh car trackage: 

1— car tracks; 2 — furnace hopper; 3 — charging pipes; 4 — furnace bin feeder 


The carriage is operated by push-buttons; a special device forces 
the carriage bucket to open over one of the pockets. Carriage track- 
age and the furnace pockets are shown iti Fig. 32. 

In the smelting of ferrochrome or ferromanganese the charge 
is fed directly to the furnace through pipes. 

In the case of silicon alloys, the mixture in most cases is charged by 
means of a Pluiko charging machine schematically shown in Fig. 33. 

The machine is mounted on a self-propelling car moving on 
rails around the furnace. The direction of shovelling may be adjust- 
ed to any point of furnace space by means of a rotating mechan- 
ism and by changing the inclination of the shovel. The materials 
are loaded from pockets into the machine bin and thence a pusher 
apportions them into the loading shovel. The throwing mechanism 
hits the loading shovel with the result that the mixture is thrown 
into the furnace. A pneumatic damper is provided to soften the 
impact of the loading shovel against thrust blocks. 




Fig. 33. Diagram of the Pluiko charging machine: 

l—self'propelling car; 2— charging shovel; 3— jjuslier; 4— pneumatic dam- 
per; 5— vertical rotating mechanism; 6— pan-tilling mechanism; 7— mix- 
ture bin; 8 — pusher mechanism for feeding mixture into the charging pan 
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The use of chargijig machines has facilitated the work of furnace- 
men, raised imr-maii output and made it possible to cut the number 
of operators. Charging by a Pluiko machine is illustrated in Fig. 34. 



Fig. ?/». Cliarging by moans of llie Pliiiko machiiio 


One of the possible systems of charging ivii.\Lure materials into 
a rotating Lath and closod-toj) furnaces iii smelting feorosilicon is 
showm in Fig. 8. 


Exhaust and Conveying Ventilation 

The fonoalloy smelting process causes considerable evolution 
o| gases and dust. A hood with an exhaust duct rising 5 to 10 m 
above the smelter shop roof is installed over Llie furnace-top to re- 
move gases (a forced exhaust system is sometimes used). Exhaust 
gases should be directed through dust-collecting systems. When 
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the escaping gases contain dust laden with oxides of valuable ele- 
ments they are usually handled by electrostatic precipitators (Fig. 35). 

Furnaces are provided with shields of diverse configuration 
to protect workers from heat radiation from the furnace-top or 



Fig. 35. Electrostatic dust precipitator of a ferromolybdoniini 
smelter shop 


melt surface; the shields are secured i)otween the hood and the 
furnace shell. Moreover, clean moist air is fed to the working plat- 
form by means of powerful fans. 

I lA-l 1-typo open disk fans are available around the furnace where 
the operators work. The gases which appear when alloys are tapped 
are caught by I he hood and carried off by an exhaust fan. 


Electrical Tapper 

Alloys are tapped regularly several times a shift. It is not always 
possible to open a tapliole with a tapping iron and in such cases it 
is opened ( “burned through”) by means of an electric arc generated 
by a special device. This device may also be used to remove accre- 
tions of metal and slag in the taphole. A schematic diagram of 
such a device is shown in Fig. 36. 

The device is connected to the terminals of a phase winding 
of a transformer; voltage across these terminals is equal to that 
between the winding and the furnace hearth. The device comprises 
interrupter switch i, by means of which current from bus 13 is fed 
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to holder 4 and electrode 5 through buses 12 and 2 and flexible bands 
3. The holder is equipped with insulated pad 7, handle 6 and counter- 
weight 10 \ the holder is secured to rotating block 9 by means of 
stem 8. The shunt is switched off or on by wheel 11. The taphole 
is burned open by an iron bar or directly by the electrode. 

Equipment Maintenance and Overhauling 

Furnace equipment is inspected thoroughly each shift by the 
chief furnaceman, his helper and the shift fitter. 



One of the main factors for the reliable service of flexible cables 
and the electrode holder is the normal functioning of the water- 
cooling system. In the event of water failure the furnace should 
immediately be switched off to eliminate the possibility of break- 
downs. 

Care should be taken to prevent foreign matter from penetrating 
into the water header when the furnace is in operation (this causes 
clogging). 

The chief furnaceman and shift personnel should immediately 
eliminate hot-spits, for they frequently cause the breakdown of 
electrode-holder elements. 

When operating electrode-suspension and travel mechanisms, 
thorough check should be made- of pulley insulation, the condi- 
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tion of the glands which shield the electrode deck from gas and 
dust, the verticality of electrode suspension and the condition of 
the electrode-hoisting winch and its steel cables. 

The temperature of the buses in the furnace zone should not 
exceed 70°C. Bus sections exposed to furnacc-Lop heat radiation 
should be shielded. Low -voltage bus-bars and cables should also 
be protected from short circuits caused by random contacts and 
furnace spittings. When one of the fJexible cables or some other 
element of the low-voltage circuit heats up it is necessary imme- 
diately to eliminate the causes. 

Maintenance periodicity depends on the operating conditions 
of the equipment. Overhauls are usually carried out according to 
the following time-table: 

a) large orc-smclting furnaces for silicon alloys, carbon and 
foundry ferrochrome and ferromanganese are shut down for main- 
tenance repairs every four or five months for one to three days and 
once every five to ten years for a general overhaul for ten to twenty 
days; 

b) refining furnaces are shut down for maijitenance repairs once 
a month for 24 hours and once or twice a year for six to eight days 
for a general overhaul; furnaces smelting ferrotungsten are over- 
hauled once every five years. 

General overhauls include mechanical equipment rei)air, trans- 
former inspection, replacement of low-voltage circuitry and, as 
a rule, furnace relining. 

During preventive maintenance shut-downs special attention 
should be paid to inspection and necessary repairs of electrical 
cables with obligatory check-up of all electrical contacts, wnter- 
cooling systems, electrode-holder elements, electrode-suspension 
mechanism and hoisting winches. Charging and proportioning equip- 
ment is overhauled, ventilation is checked and, if necessary, re- 
paired. Inspection of oil breaker, oil pump, furnace transformer, sec- 
ondary switching and functioning of measuring devices, is compul- 
sory. Lining is partly replaced when necessary. 



Chapter 3 

FERROALLOY FURNACE ELECTRICAL EQUIPMENT 


Conversion of Electric Power into Heat 
in Ferroalloy Furnaces 


In an arc funiace, cvloctric power is coiiverlod into thermal. 
Electric cniTont flowing tlirough the arc, melt and charge, gen- 
eral os tlie following iuiiovint of heat in a givoji time' interval: 

Q mu joules, 

in which 


Q — (|nanlily of lioat, joules; 
y — furnace current, amperes; 

U — tolal resislance of arc and melt, ohms; 
t - time, hours. 

1 joule - 0.239 calories. 

This formula may J)e rewril leu as follows: 


O 




kciil. 


where () — qiianlily of heal, kcal; 

/ — furnace cuiTent, amperes; 
E — furnace voltage, volts; 


/ — time, hours. 


Furnace Power Supply Circuit 

Fe)'r')alloy eleciric furnaces as a rule operate on I hr(‘e-j)hase 
allernating current. 

A typical electric supply circuit is shown in Fig. 37. 

Shown in the diagram are: 1 — high-voltage interrupters through 
wliich power is supplied to the furnace by a substation double-bus 
distribution system; they are blocked in such a way that power may 
be fed only through one bus system at a time; ^—metering current 
transformers energising ammeters and wattmeters’ current coils; 3 
and J— current transformers energising protection and automation 
relay3; y— oil breaker; 6‘— voltage measuring transformer connected 
to the high-voltage circuit through high-voltage protecting device 
7 with resistors; <5 - furnace transformer; //—low- voltage circuit; 
i//— electrodes and 77— furnace hearth. 
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Furnace Electrical Operating Conditions 

A ferroalloy furnace is a powerful elec- 
trical unit. Each technological process and 
each ferroalloy furnace require definite oper- 
aliiig conditions, i.e., a definite relationship 
between furnace electrical characteristics 
(rating, current, voltage and correspojiding 
electrode circle) which provide maximum 
furnace productivity with minimum power 
consumption per toji of alloy. Determina- 
tion of th(>se 0 |)eraling conditions, called 
optimum operating cojiditions, is a very 
important praclical problem. Furnace elec- 
Irical operaling duty has an iinporlant 
effect oil perfoiinauco results of ferroalloy 
smelting. 

There are two different groiijis of tech- 
nological pi’ocesses in electric furnace fer- 
roalloy-smelling: continuous and batch- 9 

smelting (rofiiiing). 

In contimions jn’ocesses power is ap- 
j)lie(l iinintorrujiledly and the furnace lias 
a constant power input. The burden is Pig. :]?. Primiiry coin- 
charged by small balclies, while the metal is niLitaliiin ciicuii of a fer- 
tapped periodically. Smelting of silicon loalloy liimace 

and its alloys, jiroductioii of carbon-bearing 
feiTochrome and fcrromangane.se are continuous processes. 

Processes ret] Hiring liatch-sinelting, such as the production of 
refined ferrochroiiK', are distingni.^^died by variable power input at 
different periods and by unstable operating conditions. 

Current distribution in a ferroalloy furnace varies with the cliar- 
acter of the process. 

In continuous processes, a gas-filled chamber called the ‘cru- 
cible” forms under each electrode (Fig o8). Its walls are red-hot 
charge materials, its bottom -Ihc melt, its top — the electrode. The 
volume of this crucible increases with power input. Idie arc burns 
calmly in the closed space and relatively low voltage is required 
to strike it and to keep it burning. 

Electric current forms arcs between the electrode and the crucible 
w alls as well as between the electrode and the melt. A certain amount 
of current is shunted between the electrodes tlirough the mix- 
ture. Power developed in the crucibles by the current is the main 
component of active furnace powder. The heating of the mixture 
outside the reactive zone is not economical considering the negli- 
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gible height of the furnace and the big radiation surface of the mix- 
ture. Practically, there is always a trend to operate with a “cold 
furnace-top”, i.e., to secure heat generation in the reactive zone and 
to lower useless and even harmful (because it complicates operating 
conditions and increases the losses of the reducing agent) heat gener- 
ation at the furnace-top. 

In furnaces operating on the batch-smelting principle (Fig. 39), 



Fig. 38. Diagram of laboratory of a furnace 
smelting fcrrosilicon 

all power is practically developed by the arcs and by current flowing 
from one electrode to another through slag and metal. Power gener- 
ated in both slag and metal is useful because metal and slag have 
to be kept hot to ensure normal furnace operation. 

Working Voltage 

No definite method of choosing operating voltage for ferroalloy 
furnaces has yet been elaborated. Operating data show that the mag- 
nitude of working voltage depends on furnace rating and the type 
of alloy smelted. Electric furnaces with transformer^ rating of 
2,500-3,500 kVA and secondary voltage of 150-350 V are generally 
used for the refining processes. The smelting of ferroalloys by con- 
tinuous processes requires more powerful electric furnaces, with 
transformer rating of 7,000 kVA and over. In continuous processes 
the arc is closed in the crucible and a relatively low voltage is need- 
ed to keep it up. Modern furnaces with transformers rated at 10,000- 
12,000 kVA are provided with voltage at the tip of an electrode equal 
to 60-65 V. Maximum electrode immersion is necessary to ensure 
the maximum utilisation of the heat generated in the arc. This may 
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be attained by lowering secondary voltage. However, with the pow- 
er input being constant, the secondary voltage reduction causes 
a sharp increase in electric losses in the low-voltage circuit. The 
use of higher secondary voltage decreases losses in the low-voliage 
circuit, but entails higher heat losses through the furnace-top, since 



/ 7 

/ ^ 


Fig. ?>9. Diagram of llio hearth of an electric arc furnace for smelting 
re fined fcrrochromc : 

1 — inatUKisi Lo liiic'k; 2 — pro tec live layer; 3 - electric arc zone; 4 alloy; 3 ■ sla" 

the length of the arc is increased while electrode irnmersion in the 
charge is reduced. 

For continuous ferroalloy smelting processes an optimum electrode 
immersion of about 1-1.6 m has been justilied by practice; this en- 
sures satisfactory performance results. In furnaces of 7,500-1 2,500 kVA 
this has been achieved by keeping secondary voltage at 130-180 V. 

Furnace Power Factor and Efficiency 

Furnace power factor or cosine phi (cos^) is the ratio of true power 
to total apparent power, i.e., 

= cos 'f , wherefrom P = P X cos tp. 

apparent 

Cos 'p increases with the rise of voltage, this being explained by 
the growth of active resistance as the result of an increase in arc 
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resistances which are practically a true ohmip load. The true power 
of the furnace, which is equal to true power minus active electrical 
losses in the circuit, increases with the rise of voltage, i.e., 

p = p p 

effective true true losses 

The ratio of useful furnace power to total true power is called 
furnace electrical efficiency Tje, i.e., 

p 

^ effective 

% "" P 

^ true 

Furnace efficiency or electrical efficiency vjpower is the product 
of two values 

power ^e X 'f] thermal * 

where vjihermai is furnace thermal efficiency characterised by 
the performance of the furnace as a thermal apparatus. The greater 
the rating of the furnace the higher ils T,tjiennai. for the relative 
value of thermal Josses drops when heat is used more efficiently. 

Specific Power Consumption 

Specific power consumption, i.e., power consumption per ton 
of salable alloy is an over-all index of furnace design, operation 
methods and personners shill. 

Specific power consumption per 24 hours is equal to 



where a — specific power consumption, kWh/ton; 

W — power consumption per 24 hours, kWh; 

(?— alloy output per 24 hours, tons. 

Furnace Transformer 
Furnace Power Rating 

Larger transformers are more economical and are used in all cases 
where technological operating conditions permit it. The furnaces 
now^ employed for ore-smelting processes are provided with 40,000 
kVA transformers. Transformers of 2,500-3,500 kVA are used for 
refining processes, provided furnace operation is not hampered. 
The required transformer power rating may be calculated according 
to the following formula: 

p 

kVA 24 cos'f X ki X k-i X k-s * 
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where /\v a — transformer rating, kVA; 

Q — furnace productivity per 24 hours when smelting a giv- 
en alloy, tons per day; 
a— specihc power consumption, kWh /Ion; 
cos ’f — furnace power factor; 

Ati— transformer load factor; 

A: 2 — furnace down-time factor; 

— factor which takes into account all circumstances 
which complicate furnace operation (for example, voltage 
drop in the main). 

Operating data show that for a powerful furnace the following 
values may be attributed to the above-mentioned factors: A^— 0.98; 
A’2=0.9G; A ’3 — 0.95 and cos cp^O.9. 

Principle of Operation and Design of Furnace Transformers 

A transformer is an electromagnetic device which serves to con- 
vert alternating current of a given voltage to alternating current, 
of a different' voltage. 


/ 



Fig. 40. Schematic diagram of a transformor 

The transformer consists of steel core 1 (Fig. 40) which is an as- 
sembly of insulated sheets of electric steel (with 4% Si and low 
hysteresis losses) 0.35-0.50 mm thick, and two copper wire windings: 
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primary winding 2, to which energy is fed^ and secondary winding 3, 
to which the furnace is connected. 

Transformers work on the following principle: an alternating cur- 
rent flowing through the coils of a primary winding produces an 
alternating magnetic flux which, in turn, induces an electromo’Live 
force in the secondary winding. When the number of turns of the 



Fig. 41. Typical diagrams of furnace trans- 
formers: 

a— fore-type; b — shell-type; 

1— innffneLio circuit; 2- -primary winding; 3— secon- 
dary winding 


secondary winding is lower than that of the primary winding the 
transformer is called a step-down transformer as the voltage in the 
secondary winding is lower than the primary (supply) voltage. 
When the turns ratio is inversed the transformer is called a step-up 
transformer. 

Let El, Ii and rii represent voltage, current and number of turns 
of the primary winding of a transformer and £' 2 , ^2 ^ 2 — 

same for the secondary winding. 

Transformation factor K of a transformer is the ratio of the number 
of turns of the primary winding to that of the secondary winding 
or the ratio of primary e.ni.f. to the secondary e.m.f. when the trans- 
former is not under load: 


Energy losses in a transformer are low and its efficiency equals 
0.98 and over, and it may be assumed that energy input of a trans- 
former and energy supplied to the furnace are equal: 

■^] X = ^2 X 2 • 

Then, taking into account the expression (1): 

III Hi 1 2 
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Traii.-'formois lakcii out of siielU: 
a oTCJ-typi*; b— sliell-lyiic 
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Thus, the secondary current of a transtormcr is equal to: 

I K I 

A three-phase transformer or a hank of three single-phase trajis- 
formers are used for the transformation of tlircc-phase currents. A 
three-phase transformer consists of three primary and three secon- 
dary windings arranged on a common iron core — the magnetic circuit . 

In the case of large furnaces (over 7,500 kVA) it is better to have 
a group of three single-phase transformers, this permits to reduce 
the length of the low-voltage circuit and improves the power factor 
and electrical efficiency. In this case it is necessary to provide only 
one reserve single-phase transformer for a group of furnaces; this 





Fig. /j 3. Connection of windings: 
a — s lar-connccti on ; b - del t a-con n ec t i o 1 1 

makes replacements or overhauls considerably cheaper and more 
convenient than with three-phase transformers. 

According to magnetic circuit design and winding arrangement, 
transformers are divided into two types: the shell-type and I lie 
core-type transformers (Fig. 41). In shell-type transformers the wind- 
ing is surrounded by a magnetic circuit and its servicing entails 
greater difficulties than that of the core-type transformer windings. 
Core- type transformers require less steel than those of the shell typo. 

Shell-type transformers better withstand the dynamic effect of 
currents, and the cooling of their windings is superior (especially 
in the case of the single-phase types) to that of the core type. 

Fig. 42 shows both types of transformers (without the shell). 
Soviet plants manufacture mainly core-type transformers. 
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The windings of a Uiree-phase transformer or of the single-pliaso 
transformers making up a three-phase bank may be either star- 
connected (Y-conncction) or delta-connected (A -connection). A 
variety of relations will exist between the c.ni.f.s and the currents 
in the windings, depending on the type of connection used (Fig. 43). 

Star-connection is a method of connecting the three transformer 
windings in which one end of each winding is connected to a com- 
mon neutral point. Mesh- or delta-connection is the method when 
the end of the first coil is connected to the beginning of tlie second, 
the end of the second coil is connected to tiie j)eginiiing of the third 



Fig. Diagram of wincling connections of tlirce-pbnso IransfoinuTs 

and the end of the third coil is connected to tlie beginning of the 
first. Line wires arc connected to the terminals of phase windings. 
There is no neutral point in a delta-coniicclion. 

I.et El, 1\ represent ^o]tage and current in tlie line (lino voltage 
and line cunent), Ec, Jc voltage and current in any one transformer 
winding (coil voltage and coil current). 

In power engineering it is a known fact that in Y-conncction the 
coil voltage is Y times less than the lino voltage (]/ iL 1 .73) 7?, - = 
-—y Coil current in this case is the same as in the line, i.e., 

In A-conncction we have and current flowing in the line 
passes through two transfoimcr windings and wc have 

Y- or A-conncction may he used for primary as well as for sec- 
ondary Iraiisformcr v.dndiiigs and, consequently, there may be 
four types of connection for three-phase or a hank of throe single- 
phase transformers (Fig. 44). 

A furnace transformer is distinguished by the taps in the secon- 
dary windings. The number of laps depends on their function and 
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4) liigli traiisformal ion ratio as the furnace installation is supplied 
with liigh-voltage current while the furnace itself is fed with low- 
voltage current. 

Characteristics of furnace transformers for standard series of fer- 
roalloy furnaces are given in Table 2. 


Table 2 

Ferroalloy Furnace Transformer Characteristics 


Tyr(! 

Rated 

power, 

kVA 

1 Input 

1 voltage, 

1 V 

Voltage tajis, V 

Electrode current, A. 

OTMn 

oOCIO/lO 

2,500 

1 

1 10,500 

178-l/i9-127- 

-111-89 

8,100-9,580- 
-11,550-11,750- 
-13, (KK) 

:m\] 1 

oOOO/lO 

.‘i.rioo 

10,000 

309-189-270- 

-240-210 

0.550-7,000- 

-7,500-8,430- 

-8,900 


10000/10 

4,ri(X) 

10,5CK) 

178-149-128- 

-112-89 

14,6(KM7,''j00- 

-20.300-23,200 

OTHIl 

10000/35 

0,000 

i 10,000 

158-148.5-140.5- 

-133-120.5-120- 

-110-105.5 

32,800-35,000 

OTHA 

10000/35 

10,5CK) 

10,000 

158-148.5-140.5- 

-133-126.5-120- 

-110-105.5 

38,400 

O'lH 

15000/10 

12,500 

10,000 

178. 5-107. 5-15S- 
-1-49-141.5 

40,400-43,150- 

-45,000 

dn\ 

15000/10 

1 12„800 

1 

10,000 

185-172.5-101- 

144-130.5 

-10,000 

ooipi 

8200/10 

5,500 
one- phase 

10,000 

210-203-196- 

-189.5-183.5- 

-178-172.5- 

-167.5-102.5- 

-158-154-150- 

-140-142-139- 

-135.5-132.5 

1 

20,200-33.850 


Low-Voltage Circuit 

The circuit from the terminals of the secondary side of furnace 
transformer is characterised hy considerable currents and the large 
size of conductors; this low-voltage circuit, because of its neglig- 
ible length, is sometimes called “short main”. 

The low-voltage circuit of a ferroalloy furnace usually consists 
of three principal sections (Fig. 47): bus assembly i, flexible section 
(string) 2 and current conducting pipes 3 which are connected to 
electrode holder contact clamps. 

An alternating current of great magnitude, of the order of tens of 
Ihousaiids of amperes, flows through the low-voltage circuit, causing 
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stroug raagnotic fields wliich induce an alternaling e.m.f. in the 
circuit. The induced e.m.f. always moves in the direction opposite 
lo that of the current which induces it and thus creates additional 
electric resistance to the flow of current through a conductor — 
inductive or reactive resistance. About 10% of the power input is 



lost ill I he low-voltage circuit of a ferroalloy furnace and a minimum 
of inductive resistance should ho aimed at in low-voltage circuit 
design. This may be attained by: 

1) maximum shortening of the circuit; 

2) packaging of coiidiiclors (closest possible arrangement of con- 
ductors); 

3) choosing oplimum cross-section of tJio conductor, taking note 
that seif- inti uctioii grows less with ihe increase in perimeter to cross- 
section ratio; 

4) placing the conductors as far as possible from massive steel 
structures. 

The magnetic field and the induced e.m.f. are decreased to a great 
extent when tln 3 three cables of a three-phase main are arranged 
close to each other. As it is difficult closely to arrange large three- 
phase conductors of high current-carrying capacity, each phase 
cable is made up of a certain number of smaller conductors. All 
three-phase conductors should then be interloafed in such a way as 
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lo placo conductors o[ difforout phases as close to oacli otlicr as j)os- 
sihle. An over-all diagram and method of arrangement of such a 
three-phase circuit are shown in Fig. 48. I'his iulerloafiiig cajinot 
he carried out with flexible buses and currenl -carrying pipes as 
it will result in increased inductive resistance. 

The more closely the buses are arranged and I he greater their 
height the less is Ihe reactivity of the system. Copper water-cooled 



Fig. icS. I iilci lcii ling ol linsi's in a h'rroalloy 
iiiTjjaco 



m' r I 


Fig. 19. ('.omjX'jisal- 
('(I t lin*L‘ pliaso pow- 
i'v supply circuit 
made ol' oval pipes 


pipes are oflen used iiislead of hus-hars wJieii large currents are 
involved; oval-sha])ed ])ipes are used to provide luinimum spacing 
intervals (Fig. 4b). 

The secondary lermiuals of furnace transformers are made uj) of 
a large number of single wires to facilitate inlerleafing in the sys- 
tem (Fig. 42). 

A very effective melliod of decroasiiig the inductive n'sistance 
of low-voltage circuits is the hi filar arrangement of conductors, 
in which currents flow in opposite directions in two adjacent wires; 
thus, the magnetic field created by one cuiTonl is mmtralised by 
the opposite curnml. 

Star- or delta-connection of transformer windings should he effect- 
ed outside the transformer in order to obtain a hi filar low-voltage 
circuit. 

An arrangemojit of conductors from the transformer lo the furnace 
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is sliowii in Fig. 50. In lliis arrangement the circuit is delta-con- 
nected near the furnace. Bifilarity is complete from A to B wliilo 
the section from B to C may give considerable asymmetry. Wiring 
diagrams shown in Figs. 51 and 52, in which mesli-connection is 
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Pig. fjO. (lom|H‘nsat(‘(l powcM’ supply circuil willi 
a (Iclta-comurl ion realised al llu>rurnace 

effected directly on the electrodes, permit to obtain systems with 
well-balanced magnelic Ihixes. 

Power transfer from one pliase to another may occur as the re- 
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Fig. ol. ( ’.oin])(*iisale(l p(»\v(‘r sup})ly 
circuil ^\illl a dtdl a-coimccl io!j realised 
a I I lie el eel rodes 

suit of a difference in inductive resistance in various asymmetri- 
cally spaced windings; these are llie so called “wild"’ and ‘‘dead’ 
jdiase effects. In this case the elecirode connecled lo the “wihl" 
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Fig. o2. Conipejisal ed fjower supply cir- 
cuil, wiih a «lell a-connecl ion realised al 
the electrodes 

phase winding overheats, its operation is rendered difficult and 
heat losses increase, wliile tlie charge melts down very slowly be- 
neath the “wild” phase electrode. 





Fig. (a)iu])eiisate(t pomn supply 

circuit \Yith a star-coiiiiectioii between 
the electrodes 
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All example of a balanced star-connected circuit is shown in 
Fig. 53. When three single-phase transformers are used such a cir- 
cuit permits individual voltage control for each of the three furnace 
eloclrodes. A perfectly symmetrical current system in the use of 
three single-phase transformers is obtained with the arrangement 
shown in Fig. 54. With such a wiring no circuit asymmetry and, 
consequently, no “wild” or “dead” phase effects are observed. 



Fig. 54. Compensated power 
supply circuit with transform- 
ers symmetrically arranged 
around tlie furnace and a 
delta-connection realised at the 
electrodes 


In this case, the furnace single-phase transformers are moiinlod 
oil the working platform level. This sharply decreases the length 
of conductors and energy losses and raises electrical efficiency. 

Furnaces used for refining processes are of a lower rating and oper- 
ate with a higher voltage and corresponding lower currents. There- 
fore, the above-mentioned considerations concerning the reactiv- 
ity of low-voltage circuits are of no great significance for these 
furnaces. 


Commutation and Protective Apparatus, 

Metering Instruments and Furnace Control 

Commutation equipment consists of a number of apparatus 
intended for switching the furnace on or off. These devices are in- 
stalled ill the primary-voltage system of a transformer, since switch- 
ing would he difficult on the secondary side with current values of 
tens of thousands of amperes. Oil breakers are generally in use for 
switching electric furnaces on or off because the electric arcs caused 
by air-switchiiig would unavoidably destroy (fuse) the contacts. 

An oil breaker (Fig. 55) is a tank filled with transformer oil. Porce- 
lain bushings 1 are secured to cover 5. Current is supplied by cop- 
per rod 2 (which pas.ses through tlic bushing) to the left pair of con- 
1, acts 10, then through a transverse copper blade 9 to the right pair 
of contacts 16, and goes out through a rod in the second bushing. 

Each phase is provided with two upper stationary contacts and 
two lower ones, which are mobile. The lower contacts of the all 
three-phase windings are secured by contact holders 3 to crosspiece 4. 
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When tlio latter is pulled down each of the three current circuits 
(on all three phases) is disrupted at two points. 

Rapid disconnection of the oil breaker is ejisured by strong springs 
12 . Spark extinguisher contact 11 , when operated, is pressed 
against the mobile contact. The cover is secured to the uprights or 



/ 


9 

Fig. 55. Oil Lroakor 

brackets by \neans of lugs 6‘. Contact holder rods are insulated by 
l)akelitc tube 8 . The oil breaker is normally switched on or off by 
means of wheel 15 or by remote control with the aid of a solenoid 
coil. Tlie tank is secured by bolts to lugs 13 of the cover; the tank 
may be lowered for the replacement of contacts or oil by special 
winch 14 . Ruffor spring 7 is provided to soften the crosspiece impact 
against the cover. 

A cavity communicating with amljicuit atmosphere through a 
safety valve is left unfilled to prevent the explosion of gases which 
evolve when the arc is exi ingukshed in the oil breaker. Oil serves 
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l() e\l iiigiiisli the arc as well as for the iiiHulalioii of conductors. 
It ^a‘ts dirly on accofmt of frequent disconnections, its insulation 
hecoines unreliable and it should lie changed. 

When the oil hreaher is in the off position, ils husliings and sta- 
lioiiary contacts, cojinccted to the energy sourra*, remain under liigh 
vollagt*. Ih*eak(‘rs insl ailed between the oil swilch and the supply 



Pig. Air-bivak I lireo -phase {lisconiK'cl or 


main serve to disconnect high vollago and lo provide safe access 
to I he oil breaker. 

A breaker (Fig. T)!)) consists of supporting insulators 7, blade 
contacts <lrawhar axle -7, handle 5 and statioiiary contacts fi. 
This breaker is switclied on or off only when the oil breaker is in the 
off position. 

in electric furnace installations the furnace transformer is juo- 
tected against all overloads. The following protective systems are 
usually provided: 

1) gas protection l)y means of a gas relay; 

2) overload relay; 

2) short-circuit relay; 

4) thermal relay; 

5) groujiding against the insulation failure of the high-voltage 
winding. 
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Tlio gas relay (Fig. 57) is 
mounted on the sleeve which con- 
ned s I lie ti-ajisfonner shell to the 
coiis('r valor, and is normally 
hi led with oil to the full. The re- 
lay is provided with two mobile 
duals, one atop another. As long 
as the r(‘lay is filled with oil the 
doats are al'loat and the built in 
nu'irnry contacts are open. 

Any jaiinn' within the Irans- 
j’orinivf' (insulation ])undure, 
shoi’l -circuit iji the winding) gene- 
ivilt's hi'at and, cons(!quenl ly, 
cansi's I lu* decom|)osil ion of oil 
and insulation. hAolving gases 
lojTi' out (he oil in I lie nday; the oil level falls, causing I lu^ cojil ads of 
(he hist doat lo dose and to aduali* a signal; (hen, if precautionary 
iiieasnres are not lakc'ii, the second float sinks and its contads close 
(he circuit for (he aulomatic disconnection of the oil breaker. 

Overload and short-circuit protection is |)rovidod wilh the help 
of el(‘drical relays which disconnect the circuits whim the currertt. 
e\C(‘(Mls a ]u*edetermin(ul value. Signal relays ar(> of the electromag- 
netic* v)T-520 type; overload iirotection is provided by iiiduclion time- 
lag relays of the lid' 81 type; instant aiu'ons disconncH't ion — over 
cnrrcnii cut off- is providcMl wilh elect I'oinagnet ic* rcdays of the 
HT 520 type. 

In its simplest form, such a relay is a coil (solenoid) with an in- 
((vrnal nnihile coic'. When (lie current exceeds a preset value the core 
nndi'igoes retraction and closes llie signal I'day contacts, then the 
contacts of another relay for. disconnecting the oil lireaker. Depend- 
c'lit lime-lag relays are generally used in ovc'rload prol.ection cir- 
cnils; these relays disrupt the circuit following a certain time lag 
after the current overload. The greater the currcuit overload, the less 
(he time lag. Relays mentioned above reliably protect the trans- 
former agairfst- ovc'rloads ajid reduce to the minimum the number 
of disconnections. 

Thermal relays of various designs operate when the oil tmujiera- 
liiri' in the transfoi’iner rises above the permissible level. 

A complete set of furnace control instruments usually comprises: 

1) three ammeters and three voltmeters (each type of metei- per 
winding) for measuring winding currents and voltages; 

2) ammeter and voltmeter for measuring current and tlie voltage 
of the transformer primary circuit; 

8) three-phase recording MWmeter; 



Fig, 57. (las ivlay: 

1 -.sii-ii.'il t’()ii(:i<-l.s; 1!- ilisriipliiiLT ri»ii- 
lacls: .‘t- l;ii» for 'i ct'l.iy 

iraiiu’; ii - (•(mscrvii l(ii' rdiiiuMM ion r'ijic; 
•i lii;* j'of rcl;iy 
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4) tJirce phase wattmeler. 

The MWmetcr and the wattmeter are usually connected to the 
high-voltage side of the transformer and measure energy losses in 
the transformer. 

All meters are energised hy means of instrument transformers 
wliich provide for: 

1) safety in servicing meters; 



Fip. 58. GoiiiU'Cl ion of eleclroinulcring instnimenls l o llio hipli-voll npo 

circuit: 

1 — voltage traiisforiiicr; 2 — lii^li-vollage fuses; hi£:h-voIla{;e main; ■'< — eurrcnl tians- 
fornier; f) — prolcctive G- \vallniolcr (coimler), 7 — ainiiipler; 8- vollmeler 


2) possibility of a distant positioning of metering ijusl riimejUs 
from the point of measurement, whicli makes it possible lo ron- 
ceiitrate all the meters in one panel; 

2) possibility for standardising the types and sizes of metering 
instruments. 

A wiring diagram for electrical measuring instrumeiils is sliown 
in Fig. 58. 

A thermocouple for hearth temperature and a thermometer for 
transformer oil temperature are also available. 

The furnace is operated from the control panel on the basis of 
instrument readings. It is possible to control furnace operation both 
automatically and manually. The current may be increased by low- 
ering the electrodes and decreased by raisings them. Manual control 
of electrode travel is left as a reserve to be used in case automatic 
control fails. Moreover, it is indispensable for certain tochiiolog- 
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ical operations: po\ver input raise when smelting grade Xp.OOOO 
ferrochromc, baking of electrodes, etc. 

A wiring diagram of the XBM3 (Kharkov Electromechanical 
Works) automatic control system for providing the stability of 
power input is shown in Fig. 59. Regulator action is based on the 
principle of balance between the current flowing through the elec- 
trode and the arc voltage. The differential or balance iclay is 



Fig. r)9. Diagrani of aatoinallc 
ri'giilalor 

provided with two coils: Ce (voltage) and (.) (cnrrejit). The iron 
cores of the coils are connected to current-carrying rocking arm ./, 
which closes the contacts UP and DOWN when the coil is relracteri 
by the corresponding coil. Current coil Cj is iijscrtc'd into the circuit 
of the secondary winding of the instrument transformer (current 
metering) of the corresponding furnace winding and its current 
is in’oportional to the current of the above-mentioned winding. 
Voltage coil Cq is connected to the buses which supply current to 
electrode i.e., in parallel with the arc. Current proportional to 
the arc voltage flows through coil Cc- When the values of arc cur- 
rent and voltage are correspojidingly equal to preset values, their 
thrust on the cores is equal, and the rocking arm is in horizontal 
position (equilibrium) and the contacts UP and DOWN are opeji. 
When the thrusting actions of the coils become unequal as the re- 
sult of a change in operating conditions, the coil that is stronger 
pushes its core upwards; this closes the corresponding contact with 
the aid of th« rocking arm. Thus, when the current value rises, the 
pushing action of coil Ci overcomes the counteraction of voltage 
coil Ce and the rocking arm closes the contact UP. The hoisting of 
an electrode leads to the decrease of current and to a simultaneous 
rise of arc voltage. As soon as the thrusts of the coils become equal, 
the contacts open and the electrode movement ceases until the pre- 
set operating conditions are disturbed once again. 

Current automation has proved its worth for silicon alloy fur- 
naces. For slag processes it is better to use automatic regulators 
with amplidynes. 



Chapter 4 

ELECTRODES 


Role of Electrodes and the Requirements 
They Should Fulfil 

lOh'Cl rodcs s(‘rv(' lo siijiply (‘l(H*lrir (‘urreiil lo I lu* working spacis 
ol' a K'lToalloy 1‘iiniaco and consl il nlo one of I ho main olomonls of 
its (h'sign. Tin' pliysiral and clioniical proptnMios of llio olcctrodes 
ossiMiUally affocl llio cjualily of Iho sinellod prodiicis and llio porforin- 
aiico dal a of foiToalloy prodncl ion. 

(anilinuous solf-hakiiig oh'clrodos (Sddorhorg olocLrodos), wliioli 
liavo su[)plaiilod carhon idoctrodos wdiorovor carbnrisal ioji of alloys 
or Ihoir dilnlioii l)y iron is ])ormissil)lo, aro widoly usod al prosonl. 
(]arhon olocLrodos aro ind omployod in Llio forroalloy indnsiry in Llio 
SovioL Union wliilo graphilisod olocLrodos aro nsod in Llio prodnc- 
lion of docarhnrisod forrochroino, niotallic manganoso and crystal 
silicon. 

Kloclrodos should jiossoss high oioclrical conducLi vily , snfficionL 
mochanicai sLrongLh, high oxidation tomporalnro and low disiiiLog- 
rating capacity and low cost. 

(ionorally nsorl aro ring olocirodos. Tho shape of I In? oloclrodo 
should bo gooiuol rically perfect lo onsuro a reliable conlacL boLwoen 
tho oloctrodo and the clamp. 

SovioL forroalloy sinoltors use olocLrodos ranging from 250 to 
1,100 mm in diamoLor. 

Tho physicochomical proportios of graphitisod elect rodes are as 
follows: 


Asli cojilpiit, % 0. l-L .0 

Ap])ar(MiL .spi-cifii’ gravity, 1.50-1.70 

True spiM'dlc gravily, g/cni''* 2.20-2.24 

Porosity, % . 2S-:i0 

Mcclianiral strength ((oinpiTSsion), Ug/nn- lOO-oOO 

SpiTific idei lriial re.sistancc, oh[ii*min“/;ii 8-12 


The characteristics of anode paste for the self-baking electrodes 
used in various smelters (carbon electrode characteristics are given 
for comparison) are shown in Table 3. 
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Characteristics of Anode Paste 


Tah/c 3 


Smelters 

Irue si)ec. 
firavity, 
g/cm» 

.\pparent 
spec, gravity, 
g 'em’ 

Porosity, 

% 

Mechani- 

cal 

strength, 
kg 'cm* 

Electric 

conduc- 

tivity. 

ohinm* 

in 

Clioh abijisk 

1.91 

1.38 

30 

107-298 

67-80 

Kuznetsk 

j l.SS 

1.34 

29 

218 

101.5 

Zaporozhye 

l.SO 

1.50 

20.7 

280-820 

60-70 

Aklvubiusk 

1.92 

1.28-1.43 

27 -.35 

87-258 

72-123 

Carbon eleclroik's . . . 

1.9-2.05 

1 1.48-1.65 

20-22 

! 

2()0-/j5() 

.35-55 


The table al»ovo shows tliat the quality of self-baking electrodes 
is almosl. equal to that of carbon eleclrodcs. 

Permissible current density equals k A/m-: 


For oarbuii idci^lrodes f;-!! 

For gi'ai.)lii Used clod rodcs . Jih28 

For self -baking olocirodcs b-7 


‘ Maxljiuiia ciinTiir values I'orrospon 1 lo cloelnKles willi 
srnallei' UiMJiusters. 

Manufacture of Electrodes 

The electrode manufacture flowsheet shown in Fig. bO applies 
to all sorts of elec! rode products; it may vary with the taw mate- 
rials used as well as with the technological ecpiipmoiil available. 

Electrode maiinfact lire is characterised by Jiumerons operations 
of considerable duration wbicb, in the manufacture of grapbitised 
electrodes, take about two mdntbs. 

Carbonaceous materials used for the manufacture of electrodes 
(anthracite, coke, graphite and coal-pitch) are stored in special, 
usually closed store rooms to prevent them from becoming damp 
and soiled. 

Anthracite is the basic component ol carbon electrodes and anode 
paste for self-baking eleclrodcs. It has a high carbon content, great 
mechanical strength, and low ash content, and is of low volatility. 
Anthracite which has gone through thermal treatment in special 
furnaces is called thcrnioaiithracite. The use of thermoanthracite 
in electrode-manufacturing works makes it possible to substitute 
drying for calcination. 

The cost of anthracite and thernioanthracite is correspondingly 
11.90 and 27.00 rubles a ton. 


6—1456 
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Anthracite is considered suitable for the manufacture of thermo- 
anthracite (electrode and foundry) when it is strong and thermally 
stable, possesses bigh specific gravity, dense homogeneous structure, 
fine-grained fractures, and is free of lamellar pieces and noticeable 
cleavage: 


Ash coijt(;rit, %, maximum 5 

Sulphur content, %, maximum 2.^) 

Strenglh (shatter index), over 70 

Thermal stability index, over 60 

Specific, gravity, over 1.5' 

Size of lumps, mm 50-120 


Fines (lumps less than 50 mm), %, below 5 

Moisture in llie Donets coalfield anthracite deliveries is set by 
the standards rOCTF (the Slate Slandard of the U.S.S.R.) 180-48, 
rOCT 222-49, TOCT 243-50. 

Antliracite should contain jio lumps of pyrilc or barren rock. 

The quality specifications for electrode thermoantliracite deliv- 
eries prescribed by TOGT 4794-49 arc as follows: 


Moisture, %, mean « 0.2 

Ash content, %, maximum . 5.0 

Sulphur conleni, %, maximum 1.9 

Volalile conlc'iil, %, maximum 0.2 

l.ump.s laigiM' lluiii 10 mm (IromiiK'l l('.st), %, ininimnni . 70 

Specific electric resi.stance, ohv'i • mm-/m, below 1,000 

Size of luiTii)S, nun 2. >100 

Fines conlenL (liim}).s less than 25 mm), 7o> below .... 5 


Coke is one of the cliief raw materials used for the maunfacture 
of electrodes, particularly graphilised. The most valuable are pet- 
roleum and coal-tar pilcli cokes. 

Petroleum cokes are .solid products obtained from ])clroieuin res- 
idues by a higli-temperature process. Pitch coke is obtained by 
carbonising coal pitch. Pitch and pelrolenm coke is distinguished 
by a low ash content (below 1.0 ?ii)) ajid low volatile matter con- 
tent. 

Coal coke is the product of destructive distillation of some grades 
of coals in coke ovens; it has a higher ash content (from 8 to 18%) 
and is used for the manufacture of carbon electrodes (foundry coke); 
the so-called coke fines are used as a charge component in graphit- 
ising furnaces. 

Coke characteristics are given in Table 4. 



Craphite 
' storage 


Carbon materials 
storage 


Binaer 

storage 



Fig. 60. Flowsheet electrode manufacture 
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lable 4 

Technical Specifications of Various Grades of Coke 
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Pitch Characteristics 
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Coal pilch IS a solid, luslious blaek m coloiii JU spcdhc giavity 
langO's iroin 1 215 to 1 200 Jls loclinicdl spocilRalioiis are given 
111 Idblc 5 

Coal pitch IS used as a binder, it costs 20 rubles a ton. Pitch is 
sometimes stocked iii liquid formm specially heated hoppers called 
pitch conditiojieis Aiiothei t>pc of binder — coal tar — is stored in 
underground heated reservoiis in the bindci stoieyaid This viscous 
liquid IS a by pioduct of coke 
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Raw malerials aro initially cnisliod hy roll- and ja w-crnsl»ers 
(Figs. 61 and 62) and then calcinated. 

Calcination is Ihormal treat men t of carhonaceons inalei ials at 
high toinperaliiros and without air access. All carbonaceous mate- 
rials used for the manufacture of electrodes (with the exception of 
graphite) are subjected to ttiis treatment. This operatio]i increases 
apparent and true specific gravities, electrical condiiclivity and 
mechanical slreiiglli, and reduces the volatile content. It is carried 
out in furnaces of various types; a retort calcinator widely used in 
tlie U.S.S.R. is shown in Fig. 63. 

(ailcinated malerials are crushed in crusliers of various types and 
in i)all mills, and art' subsequent ly classified with the aid rotary 
sieves and i-ocTiug nr vibrating screens. 


1 



Fig. Gl. Roll crusher: 

i, 2 -rolls: V— sliafla; T) — sL.-Uioiiary bcariuKS; 0— nioMlc lio.irint:.': 

7_fr;uiio: 8 —mils; ‘J -bracing bolts; 10 -washers; 11 -spring 
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Conditioned materials are precisely proportioned and conveyed 
to the mixing machines. A homogeneous mixture called electrode 
or anode paste is obtained in these machines; it goes either for the 
subsequent manufacture of electrodes or is considered to be a finished 
product. 

The paste meant for the manufacture of electrodes is conveyed 
to a large mixing machine 'which acts as a conditioner and in which 
the temperature of the paste is levelled out. 

Anode paste products are obtained with the aid of hydraulic 
presses by two methods: 1) pressing with closed impression dies,, and 



1— frame; 2- fixed jaw; d — bearings; 't — ax.le; 5 — mobile jaw; 6 — beariiifjs; 7 — shaft; 8 — 
pitman; 0, 10 —wedges; 11— bolt; 12 — toggle; 13— toggle scats; 14- tension rod; 15 — spring; 
16 — jaw plate; 17 — flywheel 


2) extrusion of the paste through a nozzle (the broaching method). 
Preliminary pressing is usually done directly in the press container 
which increases the compactness of electrodes and levels out the press- 
ure in the operation. Pressed (“green”) electrodes are water-cooled 
on special rolls. 

“Green” electrodes acquire mechanical strength as the result of 
baking; their electric conductivity and thermal resistance are dras- 
tically increased. Baking is effected at 1300°G in neutral atmosphere 
which preserves the electrodes from being burned and deformed. 
Coke fines are used as a filling. Baking and subsequent cooling lasts 
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from 1() to 30 days; during this period the binding materials are 
coked and the electrodes acquire properties mentioned above. 

The baked stock meant for the manufacture of graphitised elec- 
trodes is graphitised in electrical resistance furnaces at 2500"C; the 
resistance elements are the electrodes themselves and the filling. 
The furnace (Fig. 64) consists of rectangular trough 7, lined vvith 
I’irebrick, and 1\vo end walls 2, througli which pass ciirrent-caiTying 
electrodes 3. A mixture of carbonaceous materials is rammed in the 
trough to form a tamped hearth. Tlie eleclrodos su1)ject to the graph- 
itisation are laid on tlie hearlT. between electrodes ,3, perpendic- 
ular to the furnace axis. One side wall 5 is made of firebrick wliile 
the other is of concrido blocks (sectional). The sjiace between the 



electrode charge and tlie side walls is filled with heat-insulatiug 
material 6. A layer of insulating material also covers I ho electrodes. 

As 1 he result of graphil isation the products acquire valuable graphi- 
te properties: shar|) increase in electrical conductivit y , heat conduc- 
tivity and chemical stabilit y, diminution of hardness; t he electrodes 
are readily machined, this ensuring the accuracy of uijipie joints. 

An additional O[)eration — soaking — is effected to improve t lie phys- 
icochemical properties of graphitised nipples and to increase their 
compact ne.ss and tougluiess. 

Halved slock is soaked with pilch in autoclaves at 200 300 "C and 
5 kg/cm“ for several hours, depending on the cross-section area of 
the seinifiroduct. After t hat the latter is graphitised. 

liaked carbon and graphitised electrodes are then machined; 
this operation consists of turning the outer cylindrical surfaces of 
the electrodes and the electrode ends, and of threading nipple joints. 

A nipple joint comprises a cylindrical nipple with a screw thread 
and a nipple recess in the butt end of the electrode. Nitiples are 
threaded from special stock of both high compactness and mechan- 
ical strength (Fig. 65). 

Conic t hread is often used for carbon electrodes; one end of the elec- 
trode is threaded with a conic nipple, while the other is a correspond- 
ing socket. 
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Electrodes are expensive because of this 
complex technological flowsheet and the high 
cost of raw materials, the cost coming to 
123-170 rubles per Ion for carl)Oji and 244-335 
rubles for graphitised electrodes. The higher 
cost of graphitised electrodes is explained l)y 
the in cessity of clTectij)g an additional opera- 
tion — graphitisation — which consumes a large 
amount of electric power (approximately 

0,000 IvWh /ton). 

Self-Baking Electrodes 

Idle major advantages of self-haKing eh‘C- 
t rodes in ferroalloy smelting are the following: 
the possibility of maniifactiiriiig large- diaivie l^'g- t’dectrode 
ter olei’trodes, their low cost, tlie possihilily mppli^s 

of adding joints without ini errn]il ing ]n)wer 
in]>ul and the possibility of their on Ibe-spol mannfacl nn'. 

A self halving electrode is a metallic shell made of 1 to 2 mm sheet 
steel and filled with anode* paste. 

d'he maiiufacture of a sliell section consists i)f tlie following oper 
a T ions; 

a) malving of angle cnls in steel sheets; 

b) rolling of sbeets along I be cyliiMlei' gi'iiei’al ri.v, lamding of 
sheet edges inside along the cylinder radius and bcMiding of triangb‘s; 

c) acetylene or projection welding of rolled sheets with an inler- 
ui it tent (not conlinnons) seam so that the gases evolve freely when 
the electrode is baked. Otherwise the gases may damage the elec 
trode shell. The ribs may be made separately from the shell and 
then welded onto it. 

Idle cylinder obtained (with the ribs lient inside) is approximately 
1,400 mm long. 

To facilitate jointing, special cuts are made in each section and 
the shells are somewhat tapered (the difference in diameters lieing 
5 to G mm). 

Inner ribs are intended to increase contact surface between the 
shell and the anode paste, to provide adequate adhesion and 
to make the electrical conductivity and rneclianical strength of the 
electrode more reliable. 

ddie jiumber of ribs ranges from four to eight, depending on the 
electrode diameter; the rib height is increased correspondingly from 
100 to 250 mm. There are not less than four triangles bent on each 
rib (the so-called “tongues”). These “tongims” strengthen adhesion 
between the shell and the anode paste. 
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The shell itself is a casing for the anode piste. It protects the lat- 
ter against oxidation, provides passage for the electric current from 
the electrode arm to the baked section of the electrode, and inten- 
sifies heat transfer to the upper, unbaked section of the electrode. 

Electrode paste is prepared in accordance with the above-men- 
tioned technological flowsheet in electrode-manufacturing works or 
in special shops at the ferroalloy smelters. 

The various manufacturing methods give the following ratio of 
electrode-paste components (in %): 


Anthracite or thcrmoaiUhracito 37 3.S .''>5 

Electrode-machining tails or metallurgical 

coke . 3S 38 2t 

Pitch — 2't 24 

Tar pitch 25 — — 


The best electrode paste is obtained from medium pitch. 

Electrode paste should conform to the following specifications: 

1) ash content — maximum 10%; 

2) volatile matter content — from 14 to 18%; 

3) the paste should be well mixed, homogeneous in composition 
and free of any dirt or foreign inclusions. 

In summer the volatile matter content should be limited to 13'%. 

Electrode paste is made in the form of briquettes weighing not 
more than 40 kg each. 

Electrode paste should be transported and stored in conditions 
precluding its contamination. 

The soflening point of electrode paste is 40-70X. It should retain 
the mechanical strength sufficient for its processing in a crusher, 
up to the above-mentioned temperature. 

The electrode shell is filled with electrode paste without dis- 
connecting the power supply. The paste is loaded as a solid at least 
once a day. 

The size of anode-paste lumps emptied into the shell should not 
exceed 200 mm for large furnaces and 150 mm for smaller ones. 

The electrode paste is filled to a level 4 to 5 m above the clamps. 

The electrode top should be covered with a lid to avoid dust, 
since it may lead to subsequent electrode breakage. 

Separate shell sections are jointed by means of gas-welding (con- 
tinuous seam around the shell circumference) while the furnace is 
in operation. 

The electrode shell should be so mounted that the ribs of the joint- 
ed sections were aligned with the electrode ribs; it is desirable to 
weld the ribs of the upper shell to the ribs of the lower shell section. 

In welding shells, one must observe the following conditions: 

1) sec to it that the welded shell section is in a vertical position; 

2) make sure that in its maximum elevation the electrode shell 
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does not interfere with the sta- 
tionary framework and cannot be 
hit by an overhead crane. 

In furnaces equipped with brak- 
ing devices steel bands are welded 
to the electrode shell with a bilater- 
al seam 100 mm long and at inter- 
vals of 200 mm in large furnaces 
and with a unilateral seam 50 mm 
long and at intervals of 100 mm in 
the smaller ones. 

A special platform is mounted 
atop the furnace to facilitate elec- 
trode joint-making and filling. 

The heat evolving from the fur- 
nace softens the paste and enables it 
to fill the cdectrode shell compactly. 

Temporal lire for the ])aking of 
electrodes should he: 

25 °C when the paste is solid; 

70°C when tlio paste is completely 
softened and molts into a solid 
block; 

300Tj when solidification sets in; 

700 X wlion solidification ends 
with the evolution of the remain- 



Fig. 66. Diagram of tomper- 
aturc zones in a solf-balcing 
electrode 


ing volatile matter. 

Temperature changes occurring in the electrode paste and the way 
in which temperatures are distributed in an electrode during the 
electrode-baking procedure in large forrosilicon furnaces arc 
schematically shown in Fig. Tib. 

The temperature rises l-o 50-70'^C at 2-2.5 m from the lower tip 
of the clamps; by this time the paste is completely softened and 
melts into a compact block, thus increasing the heat conductivity 
of the paste. The temperature reaches 300°G at the level of the upper 
tip of the clamps and paste solidification sets in. The electrode is 
finally baked directly beneath the clamps whore the temperature 
rises to 700-800°G. 

Gorrect operation requires that the electrodes should not bo baked 
above the clamps, for a satisfactory “clamp-electrode” contact is 
obtained only when the electrode enters the clamps in a softened 
condition and is “moulded” by them. 

The cooling of electrodes should be watched as carefully as that 
of clamps, for an abnormal increase in the temperature causes pre- 
mature baking of the paste. 
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When llio clccl roJo begins to bake above the clamps (he opcralion 
of ( be open-disk fan, as well as the electrode cylinder and the gland 
gasket, should be checked. 

(h’aphitised electrodes are jointed as follows: 

1) tiie threaded socket of the upper eleclrode section is cleaned 
(preferably with compressed air); 

2) the nipple is screwed in to the utmost; 

3) J)racing hoops are put on a new' electrode and a lifting idug 
is carefully screwed into the latter’s socket; 

4) the lower nipple socket of a new electrode section is tborongbly 
cleaned; 

5) the electrode is conveyed to tlie furnace by an overhead crane 
and mounted above tlie el eel rode to be jointed; 

6) (he new elecli'ode is lowan-od lo a point where i(s nii»j)le enters 
I be lower nipple sock(‘t of (he new electrode secdoii. Tlie elecd rode 
should (bon be r()ta(od around i(s axis; it will thus lie ujjscrow'ed 
from the ping and screwed onl.o (he nip])le. 

The screwing-off opc'ralion should be cornj)l('led wi(li (avo sliarp 
twdsts of a wrench or lever; 

7) the bracing hoops should be taken off as soon as (he jointing 
is (lone. 

Operation of Electrodes 

The slipping of grapbitisod or self-baking eleciroib's in fnrnac(\s 
which are not oc[nii)pe<l with brakes is effected iji (be following 
manner: 

1) furnace power supply is disconnected; 

2) (be eleedrode is fed down until it rests on tlie furnace IfOtloni 
or until it ros(s on a freshly charged mixture (when extra-low car- 
bon alloys are smelted); it may also be supported by a crane; 

3) clamps are pressed liack and Ibe electrode bolder is lifleil iisii- 
ally 300 (o 400 mm; 

4) the clamps are secured, electrodes lifted and furnace power 
reapplied. 

Before being slipped tlic oleclrodo is thoroughly air-cleaned lo on 
sure reliable electrical contact between tlie clamp and the eleclrodc. 

There are various failures leading to breakages one may on- 
counler in working with graphitised electrodes. 

Poor centering of electrode holders may cause eleclrodes (o break 
ill the clamps when tlie latter are locked. Poor contact in the nipple 
joint is quickly discovered due to sparking and local incdiidosconce; 
poor contact may also lead to electrode breakage. Electrode break- 
age may be caused by incorrect. charging or negligence as a result 
of direct impact ou the centre section of the furnace when it is being 
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cleaned or when attempting to lift an electrode frozen in the melt, 
etc. 

In normal operating conditions the slipping of self-baking elec- 
trodes is effected with unbaked electrodes, this ensuring reliable 
clamp -electrode contact. When baking electrode above the clamps, 
it should be slipped so as to provide contact with the unbaked elec- 
trode. 

Slippijig of self-baking electrodes with the power on was described 
above. 

It should he noted that the use of a spring lock in electrode hold- 
ers permits to slip electrodes without disconnecting the power 
supply. Electrodes are .slipped 100 mm each shift. This increases 
furnace efficiency. Moreover, spinng clamps ensure uniform clamp 
pre.ssnre, thus improving operating conditions as a result of iden- 
tical contact Jjetween the clainj) and the electrode for all clamps. 

In operating with spring clamps the welding of the breaking de- 
vice band to the electrode shell should be carefully checked, as 
the disruption of bands leads to breakdowns, for the electrode in 
tliis case is held only by the bands and if the latler fail it will drop 
into the furnace. 

After each electrode .slipping the time and the height of lowering 
should be registered in the furnace log. • 

. In normal operational conditions the electrodes arc slipped two- 
Lliree tiiiics a day in furjiaces smelting ferrosilicon and silicon chrome 
and every shift in those smelting all other gradi's of alloys. The 
time interval bolween slipping operations for self baking electrodes 
should not be less than six hours. The slip])ing height varies from 
too to 250 min, dejiending on the electrode diameter, the freiiuency 
of slipping and the technological features of t he proce.ss. 

Should there be a heavy evolution of gases following the slipping 
of an electrode, power load ak the latter must bo decreased to avoid 
breakage. 

Electrode breakage may occur when an electrode is slipped into 
a moist spot under full load, due to rapid cooling when the furnace 
power is taken off, due to incorrect heating-up procedures follovnng 
the furnace »shut-down, due to poor ramming or poor quality of 
anode paste, etc. 

Following a breakage an electrode should be slipped to a greater 
length and should be baked according to a special time-table. 

The electrode-baking procedure following the breakage depends 
on the condition of the remaining working tip: 

a) when an electrode breaks in a baked section, the broken part 
should be removed, the electrode should be slipped to the minimum 
length required for normal operation and baking should be started 
with power input at the electrode equal to 30 ?6 of the rated. The 
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magnitude of the current is then gradually increased at a rate which 
will make it possible for full furnace power input to be reached 
within six hours; 

b) when an electrode breaks in the clamps and paste crumbles 
out, the furnace is shut down, the damaged electrode is set on the 
remaining electrode and its raw tip is pressed hard against it. The 
electrode is then slipped 700-1,000 mm and, when possible (in case 
the shell of the damaged section is intact), the damaged and the 
raw electrode are jointed by a steel band hoop (by means of acet- 
ylene welding), power is reapplied and baking is conducted by 
gradually increasing power load in the course of 12 to 10 hours. 

Normal baking process is characterised by dark electrode shell, 
absence of red spots and swellings on the shell (openings are provid- 
ed in the shell to permit the evolution of gases), evolution of short 
tongues of smoking flame through the openings. The reddening of 
the shell, outflow of paste and violent evolution of gases are signs 
of an overload; in this case power input should bo decreased immedi- 
ately. The disappearance of flames shows that the baking process 
is over. 

Consumption of shells as well as that of the anode paste and elec- 
trodes is given in Table 6. 

Tiihifi a 

Anode Paste and Sheet Steel Consumption 
in the Production of Certain Grades of Ferroalloys 


Alloy 

Consuini’Uon in per ton 

1 of alloy 

an Kic pasln | sheet steel 

1 

Fcrrosi]ic()n 90% ! 

80 

1 

1 /i,5 

I'errosilicoji lh% ■ | 

40 

2.0 

lYTrosilicoa ' i 

21 

1.2 

Silicon clironio 50% 

28 

1,3 

Silicon calcium 

120 

9.0 

Forvochromc IjV and MV (flux) .... 

if) 

1 1.2 

Silicon mans^ajicsc 14'% . 

40 

1.6 

Ferrornaiigancsc CV 

17 

1.0 

Carbon- boariiig ferrocUromc 

; 10 

1.6 

FciTol. lings toil 

j 80 

7.0 
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FERROALLOY TECHNOLOGY 
AND PRODUCTION METHODS 


There is a considerable number of various ferroalloys and alloy- 
ing metals used in the steel production. As far as the volume of pro- 
duction is concorned, the loading role among the ferroalloys belongs 
to the alloys of manganese and silicon. 

Carbon ferromanganese and ferrosilicon with low silicon content 
are smelted iji blast and electric furnaces. Ferrosilicons rich in sil- 
icon as well as refined grades of ferromanganese and silico- manga- 
nese are smelted in electric furnaces. Economy in ferroalloy prodne- 
Uoji in blast furnaces is determined mainly by cobo consumption 
]jer ton of alloy, wlule economy in their production in electric fur- 
luices is detennined by specific electric power consum|)tion and the 
latter’s cost. 

The construction in the U.S.S.R. of large hydropower stations 
gojierating power at the cost not more than 0.2 kopeks per kWh, as 
well as of modern thermal power stations using cheap grades of fuels, 
with the power cost averaging 0.3 kopeks per kWh, permits of organis- 
ing a more economical i)roduclion of ferroalloys in electric furnaces. 

3die necessity of using the poor manganese and carbonate ores avail- 
able in the Soviet Union also promotes electrothermic ferroalloy 
production. For this reason it is planned gradually to decrease fer- 
roalloy production in blast furnaces and to increase it in electric 
furnaces in the near future. 

Chrome alloys are smelted mainly in electric furnaces, the excep- 
tions being the special grades of ferrochrome and chrome-bearing 
alloys produced by the metallothermic method. Metallic chrome 
is also produced by this method, as well as by electrolysis. Ferro- 
chrome decarburation in vacuum is being currently used for the 
production of extra low-carbon grades of ferrochrome. Various 
other grades of ferroalloys arc smelted in electric furnaces or pro- 
duced by the metallothermic method. 

Pure alloying metals are produced by the electrolytical method. 
In the production of metallic manganese, this method makes it 
possible to use poor manganese ores. 
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Designation and Composition of Silicon Alloys 

Silicon is a strong dooxidiscr; this property determines hasically 
its use in metallurgy. It is used as a dooxidiscr in the prodnclion 
of all kind of steel (with the exception of rimming open hearth 
steel) and sometimes as an alloying clement. 

Steel usually contains up to 0.d5% Si; steel with a higher silicoji 
content is classified as silicon alloy steel. 

An. addition of about 1. 3-2.0% Si to steel increases its yield 
point and resilience, relative elongation, reduction in area, and 
impact strength. This is the so-called slruclural si eel. Steel with 
2. 5-4. 3% of silicon is characterised by low remanent magnelisin 
and low active losses. It goes for the manufacture of Iraiisfonner and 
dynamo cores. 

Iligh-percenlage ferrosilicon in the form of powder is used as a 
slag dooxidiscr; large amounts (d‘ ferrosilicon are used for the reduc- 
tion of various oxides in ferroalloy production; for example, in the 
production of ferromolybdomim, ferrovanadium, etc. 

Ferrosilicon is a comj)onent of mixtures used for heating ingot 
heads (luiikerite) and for manufacturing hydrogen l)y the following 
reaction: 

Si |-2iSa01H H^O-Na^ SiOg 1 2112. 

Commercially pure silicon is used in non-ferrous metallurgy for 
the manufacture of silicon bronzes, etc. 

Chemical composition of all fcrrosilicons used in metallurgy is 
standardised by state standards and technical specifications (state 
standards for blast-furnace ferrosilicon FOCT 5163-49, for electro- 
thcrmic ferrosilicon FOCT 1415-49, MMTY 21-58 (Table 7). 

FOCT 1415-49 ferrosilicon is delivered in crushed lumps less than 
25 kg in weight. The amount of fines on a 20x20 mm screen should 
not exceed 15% of the total weight for the Ch 90 and Cn75 grades 
and 25% for the Cii45 grade. 

No sharply defined non-metalfic inclusions are tolerated. 
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Composition of Commercial Grades of Ferrosilicon 
and Crystalline Silicon 

Table 7 


Chonii(’al tomiU’sition, % 

Ora lo 

Si i Fe 1 Mil 1 Al 1 Cr 1 P 1 (’a j S 

1 MaxiTniiin 

Sum of 

1 inij uri- 
1 lie.s 


Blast-Fumare Fcrrotiiliron (TOOT ti 103-49) 


CiilO 

i 9. 00- 13. 00 

— 

3.00 

— 


0 . 20 


0.04 

Cm 15 

1 13.1 and 

1 over 


3.00 

1 


' — ' 

0.20 

i 


0.04 


fjlrclrolhcrniic FcrrosUicoJi 
(FOCT 1115-49 and UMTy No. 21-5S) 


CmDI) 

87-95 


0.5 



0.2 

0.04 


0.01 

Cm 7 5 

71-80 

— 

0.7 


0.5 

0.05 

.... 

0.04 

Cii4r) 

40-47 



0.8 

— 

0.5 

0 . 05 


0 . 01 

Cii25 

22.1-20 

__ 

2.0 


— 

0.10 


0.04 

Cm 18 

17-22 


2.0 

..... 

... 

0.10 


0.04 


Criislallifie S'i/i 

con (FOCI 2109-43) 




Above 








KpO 

90.0 

0.5 

- 

0.5 


..... 

0.5 

- 

Kpl 

98.0 

0.7 


0.8 

— 

— 

0.5 


•lvp2 

97.0 

J.O 


1.2 



0.8 

— 

K})3 

95.5 

1 . 5 

— 

1.5 

— 

_... 

1.5 

.... 


Raw Materials for Smelting Ferrosilicon 

Silicon -hearing materials, Tboro is a varioly of silicon-J)oariiig 
subslaiices serving as raw materials for tbe maiiiifactiiro of forrosili- 
coji. vSilicon is second only to oxygen in occiiri-ence in nature. It 
constitutes 27.6% of Ibo eartli’s crust. Man knows more tban 200 
different varieties of silicon: quartz, rock crystal, amethyst, opal, 
onyx, corjielian, jasper, sand and many otbers. Moreover, tbousands 
of minerals occur iji nature, in wbicb silicon combines with oxides 
of different elements to form silicates. 

Tbe cheapest minerals rich in silicon are used for tbe manufacture 
of ferrosilicon. These are the quartz, quartzite and chalcedony. 

Quartz is a compact mineral with crystal structure, specific grav- 
ily of 2.50-2.65, hardness 7, mostly colourless, white, grey or red- 
dish, depending on impurities. Quartz is a relatively costly mineral 
and is used for the manufacture of crystalline silicon. Its SiOa con- 
tent is 98% and over. Iron oxide in quartz should not exceed 0.3?4. 
It should not have inclusions of pyrite and plates thicker than 
1 mm. 


7—1456 
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Chalcedony is a thin-fibrous, sometimes pprous, mineral, variously 
coloured. Its behaviour in metallurgical processes is somewhat worse 
than that of quartz and quartzite as it contains a lesser amount 
of SiOg about 95%; its use is limited. 

Quartzite is a rock composed of quartz grains, cemented by’ a 
substance mainly containing silicon. Quartzites are widely distrib- 
uted and their reserves are inexhaustible. They are mined in open 
quarries, then crushed and screened in crushing and sizing 
mills. 

Quartzite used in the production of ferroalloys should meet the 
following requirements: 

1) silicon content should bo minimum 90%, desirably 97-99%; 

2) amount of slag-forming impurities (alumina, magnesium ox- 
ide, calcium oxide) should be the minimum possible; 

3) PgOs content should not exceed 0.02%; 

4) it should have no clay inclusions; 

5) its moisture absorption should not exceed 5%; 

6) it should not lose its mechanical strength when crushed or 
heated. 

Carbon-boaring quartzite (of the Chugunash type with 0.5-0. 7% C) 
is not suitable for metallurgical smelting as it cracks when heated 
a^pd thus upsets the gas permeability of the burden. 

Chemical composition of quartzites in various deposits is given 
in Table 8. 


Chemical Composition of Quartzites 


'Table S 


Chemical composition, % 


Deposit 

SiO, 1 

j Fc,o, 

Ai,o, 

CaO 1 

1 MgO ' 

1 TiO, 

, P 2 O, 

1 c: 

Bakal 

97.20 

0.73 

1.15 

0.58 

0.20 

0.07 



Olgino 

97.90 

0.32 

1.14 

0.24 

0.14 

— 

— 

— 

Tarasovo 

96.08 

0.84 

0.22 

0.72 

— 

— 

— 

— 

CliiigunasU 

96. a ) 

2.24 

1.12 

0.70 

0.17 



0.011 

0.5 

Aiitonovka 

98.16 

0.23 

0.53 

0.60 

0.05 

— 

0.014 

— 

Pervouralsk 

98.25 

0.41 

0.24 

0.70 

— 

0.14 

— 

— 


Reducer, Various carbon-bearing materials may be used as re- 
ducing agents in ferrosilicon production: charcoal, petroleum and 
pitch cokes, metallurgical coke, and coal. 

The reducer should meet the following main requirements: mini- 
mum ash content (chemical composition of ash is also of importance), 
large reactive surface, low volatile matter content, high electric 
resistance and cheapness. A sufficient mechanical strength is also 
required. 
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Charcoal is an excellent reducing agent. It contains very little 
ash (usually 1-2%), possesses high reactivity and considerable elec- 
tric resistance. The presence of charcoal in the burden reduces the 
latter’s sintering. 

The usual composition of charcoal is as follows: 13% moisture, 
18% volatile matter, 68% G and 1% ash. However, because of its 
high cost (20-50 rubles a ton), charcoal is used only for the produc- 
tion of high-silicon alloys: 90% ferrosilicon and crystalline si- 
licon. 

Petroleum and pitch cokes, containing negligible amounts of ash 
(less than 1-2%) and volatile matter without undesirable impurities 
and possessing high porosity and reactivity, are excellent reducing 
agents. However, because of their high cost those reducers arc used 
only for the production of crystalline silicon and ferrotungsten. 

Coals have high electrical resistance; some grades contain little 
ash, as well as negligible quantities of volatile matter and undesira- 
ble impurities. But they crack when heated and this restricts their 
use. Substitution of coal for 20-30 of fine coke decreases the sin- 
tering of the charge and permits a deeper ])Ositioning of electrodes. 
The question of the expediency of using coal as a reducing agent for 
ferrosilicon production cannot as yet be considered solved. 

Metallurgical fine coke (nut size) is the basic reducer in ferrosilt- 
con production processes. Metallurgical fine coke is a sifting waste 
of metallurgical coke production. It corilains considerably more 
ash than coke and has a high, widely variable, moisture conlcnt. 
Fine coke obtained from various coals conducls ilself in different 
ways in metallurgical smelting. For example, Gubakha coke has a 
higher ash content and porosity, posses.ses higher eleclrical resistance 
and makes for deeper positioning of electrodes. The chemical compo- 
sition of coke and fine coke is given in Table 9 and ash content in 
Table 10. 


Table 9 

Composition of Coke and Fine Coke 


Reciuccr 



Com i ) 08i linn, % 


1 Size, % 

Mois- 

ture 

Ash 

Vo la- 1 
tiles 1 

1 P 1 

s 

Fixed C 

iJ5-40 

1 mm 

j Fines 

Donets coke 

5.0 

9-10 

1.90 

— 

1 . 4 - 1. 5 

81 . 60 - 

- 82.70 

— 

— 

Kuznetsk coke 

5.0 

11-12 

1.00 



0 . 4 - 0. 5 

81 . 50-82 





MMK fine coke 

25.2 

12.00 

1.50 

— 



86.50 

2.0 

6.0 

Kuznetsk fine coke 

13.2 

10.47 

1.20 

— 

0.49 

87.84 


7.5 

'IMS fine coke 

14.5 

10.50 

1.40 

0.058 

0.49 

87.55 

2.2 

4.2 

Gubakha fine coke 

17.5 

16.35 

1.78 

— 


81.87 


6.5 


7 * 
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Table 10 

Approximate Composition of Fine Coke Ash 


lifiiluftor 

1 ClK?mi(!al 

(’omj)osilion, °/ 

0 


1 SiO, 1 A 1,0., 

FCjOa 1 

(.’aO 1 

MkO 1 

]-» 1 

FeO 

MM3 fine rokc 

Gubakhn lino coke 

Novokiiziiclsk lino (-oko ■ ■ 

Kemerovo fine coke 

48..52j 29.78 
u.:yA 36.92 
45.16) 28.93 
48.52 28.17 

13.19 

9.77 

I 11. G1 

G.50 

2.60 

G..30 

G.GO 

2.20 

1.00 

2.00 

2.20 

).58 
0.076 
0.33 1 
0.37 

9.67 


Experiments were recently conducted with a view of using the 
waste of electrode-graphitising process as a reducing agent. The 
chemical composition of these wastes is as follows: 

SiC SiOj C 

2 : 1 - 407 ,, 40-r)27(. 20-257) 

10-29% 12-25% 50-00% 

The following results, in terms of specific power consumption, were 
obtained from the 30% of waste contained in the reducing mixture: 
for Cu45 — 4400 kWh per ton; Gu75-— 8260 kWh per ton; CnXpSO — 
3220 kWh per ton. Production costs were at the same time lowered 
as a result of economy on power and raw-material consumption. 

Timber industry waste (saw dust, chips, cuttings) is now used 
as a reducing agent in the U.S.S.R. and elsewhere. 

The use of these tailings offers the following advantages: 

1) it ensures satisfactory gas permeability of the burden and 
prevents charge crusting; 

2) it lowers the specific electrical conductivity of the charge and 
thus makes for deeper positioning of electrodes. 

Electrode penetration may be regulated to a certain degree by 
varying the amount of timber waste in the burden mixture. 

Iron-hearing materials. Iron may he introduced into the charge 
in the form of iron ore, scales or filings. The use of iron raises power 
costs (to reduce iron oxides and heat the slag) and requires an addi- 
tional amount of reducer. 

The use of scales somewhat improves furnace-top operation and 
ensures fuller evacuation of slag, hut entails additional power and 
reducer consumption to reduce iron oxides. 

It is common practice in ferrosilicon production technology to 
introduce iron into the mixture in the form of cuttings. The cuttings 
should be free from rust, as the latter is a source of increased hydro- 
gen content in ferrosilicon. Guttings of alloy steel should not be used, 
since all alloying additions (chrome, nickel, manganese, etc.) go 
into the alloy in full, while their content in the latter is strictly 
limited by the state standards. Use of cast-iron cuttings is also 
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prohibited because the phosplioriis they contain almost completely 
passes into the alloy. The presence of sulphur is not dangerous as 
it forms volatile compounds with silicon and evaporates in the smelt- 
ing process. The finer the cuttings the easier it is to handle them and 
the more uniform is their distribution in the l)urden; therefore, the use 
of large and entangled cuttings is not rccommondccl. Cuttings should 
be free from impurities, especially non-ferroiis; the use of greasy 
cuttings is not advisable as they hamper fiiniaco-top operation. 

The iron conlent in cuttings comes to about 90 ?o. 

Presmelting Preparation of Burden Materials 

Presmelting preparation of burden materials is an important oper- 
ation which often predetermines performance results in ferrosilicoji 
smelting. 

Quartz and quartzite which are used for smelting ferrosilicon 
arc crushed and sieved. For smelting 45*‘o ferrosilicon, quartzite 
should be broken into lumps 35 to 70 min in size wlien machine charg- 
ing is available; the use of 70 to 120 mm lumps is also permissible. 
Fines should be sieved through a 20- to 30-mm sieve. Flushing of 
(]uartzite reduces the amount of slag-forming matter and thus im- 
proves furnace operation. Quartzite should be as uniform in si^ 
as possible, for this provides, all other conditions being equal, bet- 
ter gas permeability of the charge. The presence of fines in the mix- 
lure is undesirable not only because it decreases its gas pormeabili- 
ty, but also because the fines coutaiu a higher percentage of impuri- 
ties, especially alumina (20% and over). 

Quartz, used in the mixture for the production of crystalline sili- 
con, is separated from fine particles (which form in (ho course of 
conveying and charging operations) with the aid of a 15-mm sieve. 
Quartz separated from the fines is crushed and conveyed to the furnace 
without a second sieving. The lumps of quartz fed into the furnace 
should not exceed 50 mm. 

Fine coke is sieved to separate fines, then crushed, and screened 
again to separate large particles, as well as fines, which form in 
the crushing*procoss. The size of fine-coke lumps considerably affects 
the operation of tlie furnace. The size of fine-coke lumps should be 
chosen in accordance with furnace rating and its secondary voltage; 
for example, it is best to have fine coke in 10- to 20-mm lumps for 
furnaces of 7,000 to 10,000 kVA with secondary voltage of 140 to 
160 V. When higher vroJtages arc used, the size of fine-coke lumps 
should be reduced. But whatever conditions, lumps of less than 5 mm 
are not suitable for ferrosilicon production and should be sifted out. 

Table 11 shows the relation of specific power consumption in 
ferrosilicon smelting to the amount of coke fines in the mixture. 
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In all cases the charge particles, especially tliat of the coke, should 
be of the same size. Deviation in the size of coke in any direction 
leads to serious disturbances in the operation of ferrosilicon furnaces. 

Prior to charging, iron cuttings should be crushed in milling ma- 
chines (maximum coil size 50 mm). 

Table 11 

Relationship Between Power Consumption in Ferrosilicon Smelting 
and the Amount of Coke Fines in the Mixture 


Alloy 

CharadLeilslirs of c.oko Intro lucod 
into llic charge 

Fin‘na(“o campaign 

vSpccdfic power 
consumption, kWh 
per ion 

Cn45 

Coke siftings Liilow mm 

amount ing to 11% of the 
reducer weight; the rest — 

5 to 20 mm nuts 

From April 17 to 
March 12, 

1955 

5,080 

Ch45 

Nuts 5 to 20 mm 

January-March 

1955 

5,054 

Ch75 

Siftings below 8 mm amount- 
ing to 12% of the reducer 
weight; the rest— 8 to 25 
mm nuts 

August 18 to 22, 
1955 

9,130 

*Cii75 

xNuls 8 to 25 mm 

August 1 to 17 and 
August 30*31, 
1955 

8,960 

Cii75 

Fine coke 0-20 mm without 
sifting 

March 31 to Ap- 
ril 18, 1950 

9,120 

Cm75 

Fine coke 8 to 20 mm 

March 1-30 and 
April 19-30, 1956 

8,945 


Physicochemical Properties of Silicon, Iron and Ferrosilicon 

Silicon is the fourteenth element of the Mendeleyev Periodic Sys- 
tem. Initially, in its pure form, it was obtained in 1811 by Gay- 
Lussac and Thenard by passing silicon fluoride over heated potas- 
sium; its properties, however, were described only in 1823 by Ber- 
zelius who named the element silicon (from Latin ..si/ex— stone) 
and gave the chemical symbol Si. In crystalline form silicon was 
obtained for the first time in 1855 by Deville. Pure silicon obtained 
by the method of Academician Beketov: 

SiCU + 2Zn - 2ZnCl., + Si , 

is a brown highly hygroscopic powder. Macrocrystalline silicon 
is obtained when silicon is melted and cooled; its colour is grey 
steel with a metallic lustre, it is hard and brittle. The physico- 
chemical properties of silicon are as follows: 
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Atomic weight 28.06 

Specific gravity 2.4 

Vaieiico 2 and 4 

Molting point, *^0 1414 

Boiling point, "G 2287 

Heat of fusion, cal/mol ■ 9,470 

Specific heat capacity at 25'’G, cal/°G 0.1762 

Heat conductivity at 20°G, cal cin/crir^ sec “"G 0.20 

Electric resistance at 20''G, microhm cm2/cio 0.000085 


Chemically silicon is a typical metalloid. 

Iron (Ferrum), Fe is an element of the VIII group of the Mende- 
leyev Periodic System. Its ordinal number is 2(5, its atomic weight 
55.85. Iron is a lustrous, silvery white, resilient and malleable metal. 


Specific gravity 7.86 

Mc'lting point, ”G 15;i9 

Boiling point, °G dOSO 

Heat of fusion, cal/mol .■»,070 

Specific heat capacity at 2r)®G, cal/^G 0.108 

Tensile strcMigtli, kg/nim'^ • 80 

Extension elongation, % 40 


Maximum valence of iron is +6, but the usual valence is 1-2 
and +3. At higher valences iron shows signs of acidity. 

Iron corrodes readily and is easily alloyed with metals, as welj 
as^ with non-metals. 

Silicon and iron alloys. Silicon and iron can be alloyed in any 
proportion. A silicon-iron equilibrium diagram is given in Fig. 67. 
A number of chemical compounds exists in this system: 

£-FeSi (33.3% of Si); Tj-FegS^ (25.1% of Si); c-FogSi^ 
(55.68% of Si). 

Of the above-mentioned compounds only FeSi fuses (at 1410°C) 
without decomposition; the rest disintegrate at high temperatures. 

The heat of formation of FeSi has been determined experimentally 
for the reaction 

FcsoiidH-Sisoiid^FeSisoiid and 19,200 cal. 

For the melted substances the heat of formation is A/Zistb” 
==—29,000 cal at 1878°K. 

The high ralue of the heat of formation, as well as the form of 
the curve in the maximum zone of the equilibrium diagram, show 
that FeSi is stable. 

There are three eutectics in the system: the first eutectic a — s 
(20% Si) with a melting point of 1195°G, the second s — c (51% Si) 
with a melting point of 1212°G and the third c; — Si (59% Si) with 
a melting point of 1207°G. 

The diagram shows that the melting point of standard grades 
of ferrosilicon does not exceed 1370°G; a 40-47% silicon alloy melts 
at 1370-1260°C, while a 74-80?^ silicon alloy melts at 1320-1340°C. 
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The specific, gravity of iron-silicon alloys^ .varies with llieir sili- 
con content. This fact is made use of in smelting practice to deter- 
mine the silicon content in the alloy. The method, however, is not 
very precise, for commercial alloys comprise various other elenieuls 
(besides silicon and iron) which affect its specific gravity, liut, as 
smelting practice shows, this metliod is quite acceptable. Variation 
in the specific gravity of the alloy iji relation to its silicon content 
is shown below: 

Silicon coal cut, % 40 45 50 55 60 65 70 75 80 85 90 

Specific gravity of 

alloys 5.61 5.15 4.75 4.57 4.00 3.76 3.51 3.27 3.03 2.78 2.55 



Fig. 67. Equilibrium diagram of iron- 
silicon system 


Some grades of silicon 
readily disintegrate when 
stored iji moist atmos- 
phere; the inilverisatioji of 
ferrosilicon is accompa- 
jiied ])y the evolulion of 
gases, mainly hydrogcMi, 
phosphorus hydrogen PH 3 
and arsenious hydrogen 
AsHg. The Iasi two are 
very poisonous. Their pres- 
ence is readily discoriied 
by a strong garlic odour. 
Repeated cases of jioison- 
ing, especially aboard vi's- 
sels carrying ferrosilicon, 
as well as explosions and 
fires caused by the fornia- 
tion of self-igniting phos- 
phorus hydrogen 
prompted i j i v es t i ga t i o j 1 s 

into the silicon powderijig 
effect. 

The work jvas initially 
undertaken by i\. S. Knr- 
nakov and G. G. Urazov 
and the results were pub- 
lished ill It) 14 in the A/ Ining 
Journal, The authors found 
that not all grades of fer- 


rosilicon were subject to pulverisation, but only those which contain 
from 33.3 to 75% Si, and especially alloys with 50 to 60% Si. Be- 
cause of this, Soviet state standards for ferrosilicon make provision 
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ojdy for those alloys 75 and 90/6 silicon) uhicli shoAva minimum 
londency to disinl egratc. However, ferrosilicoji has a strong lendojicy 
to segregate as a result of which the difference in silicon content be- 
tween the top and the botlorn of the ingot may amount to 20 and 
more per cent. (Segregation is uneven distributioji in height of an 
ingot of various elements which differ from each other as to specif- 
ic gravities iji an alloy; the greater the difference in s])eciric gravi- 
ties of the alloy components and the more the time interval of in- 
got solidification, the more projioiinccd segregation is.) 

Laboratory research has establislied that pure iron^silicon alloys 
do not disijitegrale in the air, notwilhstajiding the quantily of 
silicon they contain. Alloys cojitaijnng 0.()d-().04?o P ajid alloys 
with up to 3^*6 of A1 do not di.sintegrate either; simultaneous presejice 
of 0.03-0.04/6 of P and 3/6 of Al causes its rapid disintegral ioji in 
moist air. Rapid cooling prevents alloy disintegration; slow cooling 
increases segregation as a result of which the bottom of (he ingot 
is impoverished in silicon (Tb^o ferrosilicon) or the top of the ingot 
is ejiriched in silicon (45?6 ferrosilicon); condilions favouring pow- 
dering are created in Ihesc zones. Therefore, alloys destined for long 
storage are teemed, in ingots maximum 100 mm thick, in casl-iron 
moulds to speed up cooling. 

Physicochemical Principles of Ferrosilicon Smelting 

Silica, introduced into the mixture in the form of quartz or quarlz- 
ile, is reduced iji the process of ferrosilicon and crystalline silicon 
smelting. 

Silica is reduced by solid carbon, for there is little likelihood of 
its reduction by caj'bon mojioxide (Si() 2 -i 2CO Si-| 2 C()l!) in (he 
absejice of fixed carbon. Calculatiojis show that at 2000 C Hie gas 
mixture, containing as little as thousandths of a per cent of CO 2 , 
is an oxidising agent as far as silicon is concerned. 

The mechanism of silica reduct ion by carbon has not been studied 
sufficiently, but the summary reaction of the reduction process may 
be presented as follows: 

SiO. i 2G-Si I 2GO. 

In silicon-alloy smelting practice this reaction is used for various 
calculations. 

The latter show that the reduction of SiO, by carbon begins at 
about IbOO^'G, while at ISOO ’G tJie reaction is practically comi)lele. 

A further rise of temperature is not worthwhile, for the intense 
reduction of silicon is attended by considerable evaporation. 

There are a number of references in literature as to the favourable 
effect which iron has upon the reduction of silica. It has been proved 
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l)y experiments that in the presence of iron some insignificant re- 
duction of silica is possible even at 1200°G. 

Analysing the silica reduction process in an electric furnace, 
Prof. Maximenko points out that iron promotes the sedimentation - 
of silicon, thus eliminating the latter from the reactive zone and 
favouring the reduction of silica. 

The reduction of silica by carbon in the presence of a sufficient 
amount of iro - may proceed according to the following reaction: 

SiOa 4- Fe + 2G =FeSi + 2GO . 

Power consumption per unit of silicon reduced drops along with 
the decrease in silicon content in the ferrosilicon. 

Assuming that power consumption for the melt-down of one ton 
of iron, contained in ferrosilicon, averages 500 kWh, power consump- 
tion per kg of silicon will amount to approximately (in kWh per kg): 

For 90% ferrosilicon f3.0 For 45% ferrosilicon . . . . 10.0 

„ 75% 11.8 „ 18% „ 9.2 

The following. reaction may develop: 

Si02-f-3G-SiG+2G0, 

when an excessive amount of reducer is introduced into the 
furnace with the mixture. 

Theoretical temperature for the outset of this reaction is 1530"'K 
{1257^G), i.e., lower than the initial temperature of reaction of for- 
mal ion for Gii45 and Gh 75. This is corroborated by the formation 
of carborundum in furnace-top cold spots during smelting ferrosili- 
con in a furnace, as well as by the rapid decrease in furnace volume 
due to the appearance of carborundum in furnaces smelting crystal- 
line silicon when the furnace runs cold. 

In ferrosilicon smelting there are no carborundum accretions in 
the furnace, since carborundum is destroyed by iron according to 
the reaction 

S iG + Fe ~ F qS i i- G . 

This reaction finds application in ferrosilicon production when 
the carborundum-bearing waste of the electrode-manufacturing proc- 
ess is used as a raw material. 

Quartzite and reducer ash are also reduced in the furnace along 
with silica. 

Aluminium may be reduced by carbon according to the reaction: 
A 1.,03 + 3G = 2A1 -f- 3GO. 

This reaction is possible only in the presence of elements capable 
of dissolving aluminium; in the above-mentioned case such ele- 
ments are iron and silicon. The feasibility of this reaction is cor- 
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roborated by the presence of 1.5-2% aluminium in commercial 
grades of ferrosilicon. It should be pointed out that Avhen the concen- 
tration of silicon is high the reduction of aluminium may proceed as 
follows: 

2AI2O3 + 3Si = 4Al + SSiOg. 

The reduction of CaO by carbon in the presence of solvents of 
calcium— silicon and iron— proceeds according to the reaction 

GaO -|-C=Ga -j- GO. 

In the reduction of GaO an intermediate product-^ calcium car- 
bide-may be obtained: 

GaO 4- 3G GaGg + GO. 

This reaction proceeds more readily than the preceding one but 
has no major significance, for GaGg decomposes in the presence of 
silicon according to the reaction 

GaG^-l-Si-GaSi 4- 2G. 
more probable is the reaction 

GaGa 4- SiOg - GaSi 4- 2GO. 

The following reaction may take place when tliere is a considw- 
a'ble excess of silicon: 

2GaO -f Si - 2Ga + SiO^. 

Reactions of aluminium and calcium reduction begin at higli 
temperatures and proceed with difriciilty and arc not completed. 

The reduction of iron oxides contained in the mixture proceeds 
according to the reaction: 

FeO + G - Fe 4- GO; Fe^Og 4- 3G = 2Fc 4- 3GO. 

The theoretical temperature for the beginning of the first reaction 
is 712”G; therefore, the reduction of iron oxides at temperatures of 
ferrosil icon-smelting processes is practically complete. 

Almost all the phosphorus contained in the burden passes into the 
alloy; pure ^as regards phosphorus) charge materials should be used. 

The presence of sulphur in the charge is not dangerous, since it 
forms volatile compounds SiS and SiSg, and they evaporate. 

Formation of Slag 

Production of ferrosilicon is a slag-free process; however, the smelt- 
ing of alloys is always attended by the formation of a certain amount 
of slag, this indicating that the slag is formed in the furnace. 

Slag formation is caused by impurities in the raw materials — alu- 
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rnina, calcium oxide, magnesium oxide, ol‘c. — which cannot be 
reduced completely in the prevailing physicochemical conditions. 

As alumina accounts for the greater part of the impurities, it ob- 
viously is the chief slag constituent. Slag formation can be represent- 
ed as the slagging of a certain amount of silica by alumina and basic 
oxides. In ferrosilicon production, therefore, slag is aluminous. 

When there is a lack of reducer, slag is enriched iji silica as well 
as in carborundum, though that destroys the prolective lining. 

Slag analyses are given in Table 12. 

Tab/r 12 

Slag Composition 


Slai^ (, 01111 onent 

Ajiiciinl, % 

SiO. 

14.22 

13.76 

26.02 

42.03 

46.48 

SiC 

5.76 

0.6 

7.20 

6.0 

8.6 


2.84 

2.0G 

0.23 

2 02 

2.02 

CnC) 

5.20 

7.30 

0.0 

9.44 

9 . 94 

AUG, . 

10.55 

15.03 

21 . 45 

40.50 

36.01 

Hid ) 

3.26 

4.86 

8.07 



— 

MijO 

0.58 

0.61 

0. 43 

1.81 

1.61 


29.64 

24.04 



— 


Si • 

27.86 

23.15 

11.84 

— 

— 


Slag composition varies widely as is evident from the (aide above, 
hut all slags are viscous and hard to fuse. Their melting poijit 
is about 1700'’C; viscosity at this temperatures equals 20-3.") poises. 

Slag fall is usually negligible (20 to 60 kg per ton of alloy) and is 
a function of the purity of raw materials and the grade of the fer- 
rosilicon smelted. In contaminated mixtures the amount of slag 
formed increases to 100 kg per ton of alloy, thus sharply decreasing 
the furnace productivity and increasing power consumption per 
toil of alloy produced. 

Precise estimation of slag fall in ferrosilicon smelting is rattier 
difticult as the slag’s specific weight is almost equal to that of the 
alloy and it is entangled in the mass of the metal obtained, espe- 
cially when crystalline silicon is smelted. 

Moreover, due to its high viscosity, some slag remains in the 
furnace and causes accretions which decrease the furnace yield 
and increase specific power consumption. 

Slag formation in ferrosilicon smelting is mainly prevented by 
the strictly sufficient supply of reducing agent and the use of pure 
raw materials. Slag formed in the furnace should be removed com- 
pletely after each heat. In some smelters accumulations of slag are 
removed by an addition of lime into the furnace hearth. This di- 
lutes the slag and permits its tapping. 
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Charge Calculations for the Production of 45% Ferrosilicon 


The charge is calculated per 100 kg of quartzite. 

Let us assume that the raw-material assay is as follows; 


Quartzite: 98.0% SiO.. 

1.0% a\.A 

0.6% Fo.,0;, 
0.4% G«U 


Fine coke (dnj): 86% C 
16% ash 
2% volatile 
Ilia llei‘ 


Coke ash: 60% SiO., 
26% Al,(% 

20 ‘/o 
1^)% C-:l(> 


Iron chips: 94% Fe 

6% losses wjion. 
cakinated 


Assume that the distribution of oxides in I he smelting process 
is as follows, ^ 0 : 

SiOa Al.Oa C.X) 

Oxides reduced 98.0 99.0 86.0 60.0 

0 X i d os s lagge d 2.0 1.0 16,0 60 , 0 

Assume that Ihe d isl ribul ion of the reduced (dements is as follows, % : 

Si Fc Al Ca 

hover led to metal 94 99 90 70 

Los.s(‘s I) 1 10 60 


D e o X i d i s i iig j’e a c I i o ns : 

SiOg-l 2G--Si-|-2GO; 

Feo(),+3C-2Fc-h3CO; 

ALd3+3G=2ALf3CO; 

Gab-fC-Ca 1-CO. 

The amount of oxides reduced and the oxygen evolved per 100 kg 
of quartzite will be equal to, kg: 


SiOa 


Fe^O^ 


AI 0 O 3 

GaO 


98.0 X 0.98 = 96.04; 
0.6 x 0.99= 0.69; 
1.0 x 0.85= 0.86; 
0.40 x 0.50= 0.20; 


96.04 x_62. 

60 

0.59 X 48 
160 

0.86 X 48 
102 

0.20 X 16 
56 


61.22 
0.18 
0 . 40 
0.06 


Sum of O 2 — 61 .86 


Amount of carbon necessary to combine with 51. 8G kg of oxygen 
to give carbon monoxide: 

M.SGx 1^ ^38 89 kg. 
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A certain amount of carbon introduced wibli tho fine coke is con- 
sumed for the reduction of oxides contained in coke ash. 

The amount of oxygen evolving in ash deoxidising is given in 
Table 13. 

Table 13 


Oxide 

Reduced from 100 tons 
of fine coke, kg 

-\mount of oxygen evolving 
in reduction process, kg 

SiOg 

13 x 0.5 x 0.98=6.37 i 

6.37x45-=3''i0 

AU 03 

13x0.25x0.85=2.76 

2.76x^1=1-30 

Fe.Oa 

13x0.20x0.99=2.57 

2.57x-^=0.77 

CaO 

13 x 0.05 x 0.50=0.33 

0.33x46=0.11 


1 Total 5.58 


Amount of carbon necessary for the reduction of coke oxides: 
r..58 X <2 ^ 


Distribution of 85 kg of carbon contained in 100 kg of fine coke 
is as follows: 

for the reduction of ash oxides 4.19 kg; 

for the reduction of quartzite oxides 85—4.19—80.81 kg, or 
80.81%. 

Amount of carbon necessary for the reduction of 100 kg of quartzite 
is 38.89 kg, or ^ q gQ ^| " 48.13 kg of fine coke. 

Fine coke burns up partly at the furnace-top; practice shows that 
approximately 10% of fine coke is lost in this manner; therefore, 

the amount of fine coke necessary is: =53.48 kg. 

Elements reduced in 100 kg of quartzite and 53.48 kg of fine 
coke are given in Table 14. 

Table U 


Element 

From quartzite 

From fine-coke ash 

Total, 

kti 

Si 

96.04—51.22=44.82 

53.48x0. l3x0.98x0.5x-^=-l .59 

46.41 

Fe .... 

0.59—0.18=0.41 

53.48x0. 13x0. 99x0. 20x]^=0.9t; 

1.37 

A1 .... 

0.85—0.40=0.45 

53.48x 0. 13 x 0. 85 x 0. 25x-^=0. 78 

1.23 

Ca .... 

0.20—0.06=0.14 

40 

53./f8x0. 13x0. 50x0. 05x-^-0. 12 

0.26 



Production of Silicon Alloys 


111 


Dislribiilion of reduced elements is given in Table 15. 


Table 15 


1 

Element 

1 Reverts to alloy, kg 

Stack losses, kg 

Si 

4r).41x0.94-=43.63 

46.41—43.63=2.78 

Fe 

1.37x0.99=1.36 

1.37—1.36=0.01 

A1 

1.23x0.90=1.10 

1.23—1.10-0.13 



0.26X0.70=0.18 

0.26—0.18=0.08 


1 Total .... 46.27 

Total 3.00 


When 45% ferrosilicon is smelted, 43.63 kg of silicon represent 
45% of the total alloy weight. Therefore, the total weight of the 

alloy is ^^==9G.9 kg. 

Amount of iron necessary is 

96.96~46.27 -50.69 kg 

or ’^^^="53.93 kg of iron chips. 

The above-mentioned charge calculations are somewhal simpli- 
fied. A number of charge components (carbon and iron o[ the eie(f- 
ti'odes, etc.) have been omitted. Thus electrode consumption per ton 
of 45% ferrosilicon is equal to 25 kg. Half of the consumed electrode 
paste goes for the reduction of oxides. Consequently, the amount 
of coke necessary is less than indicated in the calculations. 

As 96.96 kg of alloy are obtained from 100 kg of quartzite, the 
amount of coke nece.ssary should be decreased by 


^ — 1 2 ke- 

2 ^ 1,000 


The composition of a standard charge per 300 kg of quartzite is, 
kg: 


Quartzite 

Fine coke (53.48 - 1 .2) x 3 = 157 

Iron chips 53.93 x 3 — 162 

Practically, the weight of the fine coke in the charge varies with 
the ash and moisture content. The weight of the iron chips also 
varies, because of fluctuations in the iron content. 

Charge calculations for the production of other silicon alloys are 
similar to those above, but in considering high-percentage alloys 
one should take into account the increased stack losses of reduced 
elements. 
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Technology of Ferrosilicon Production 

Forrosilicori is smelted in one- or three-phase electric arc furnaces 
usually of more than 7,000 kVA rating. The furnaces mostly used 
for the production of ferrosilicon are circular three-phase furnaces 
with self-baking continuous electrodes. 

Funiaces with rotating baths arc coming into use of late. 

Practice shows that the use of furnaces witli rotating l)aths re 
duces power consumption by 3-4 ‘to, correspondingly raises produc- 
tivity, saves raw materials and drastically diminishes the need for 
labour-consuming furnace-top operation (due to the latter’s soft 
and smooth run). No poking is required on the furnace-top. This 
is of utmost importance for the closed-top furnaces. 

The use of closed-top furnaces for ferrosilicon smelting is impor- 
tajit for improving the over all performance of the process, for it 
allows to use furnace gases with a calorific capacity of 2,500 Kcal 
per cubic metre. As it stands now, the problem requires further in- 
vestigating and designing. 

Electrical parameters of the ferrosilicon-smelting process usually 
remain constant; voltage on the low side is 130-190 V at 35,000- 
45,000 A. In efficient furnaces of 10,000 kVA rating the Iunc to 
Mine ratio equals approximately 270 (where I stands for current 
and L' for voltage). 

Furnace electrical operating conditions require an optimum diam- 
eter of electrode circle, which depends on furnace power rating 
and its design specifications; for a given furnace a larger electrode 
circle is needed when smelting 45% ferrosilicon. 

Ferrosilicon is smelted by a continuous process. Therefore, it is 
of utmost importance from the standpoint of a correct smelting 
procedure to provide normal conditions for furnace-top operation. 

The normal run of the furnace-top, as well as of the smelting proc- 
ess as a whole, is characterised by the following cliaracteristic 
features. 

1. Uniform gassing along the whole furnace-top surface, absence 
of dark sintered areas, absence of local gas blow-outs, uniform 
descent of the charge along the elect i*ode cones and ui the centre 
of the furnace between the electrodes, no charge downslides (when 
the charge contains wood chips such downslides are unavoidable, but 
they are smooth and no bright, white flame shoots out from under- 
neath the electrodes). 

2. Electrode cones are normal, the charge level in the centre of 
the furnace is lower than that on the perimeter, the poking of the 
charge is easy everywhere. 

3. Stable deep positioning of the electrodes: in 45% ferrosilicon 
smelting, electrode penetration is not less than 800 mm, while for 
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75% ferrosilicon and crystalline silicon the penetration is minimum 
1,200 mm. 

4. Liquid slag is regularly present at each tapping; a light yellow 
flame shoots out through the taphole at the close of lapping; the 
taphole is easily poked and readily plugged. 

5. Power consumption is stable and the recording wattmeter draws 
a smooth curve. 

(). Per hour charging time-table is observed strictly in accordance 
with actual power consumption. 

Feeding is continuous, by small portions, as fast as the charge 
sinks; the hottest zones of tlic furnace are charged first" (inner zones 
of the electrode cones). 

Excessive feeding raises the smelting zone and disturbs the heat 
exchange therein; insufficient feeding increases heat and silicon losses. 

Charging is the most difficult operation in silicon alloys smelting; 
until recently this was done mainly by hand. The difficulty of charg- 
ing three-phase ferrosilicon furnaces lies in the irregular burden 
movement at different points of the furnace and consequently in 
the need of selective charging. The diverse specific weights and sizes 
of the charge components cause segregation in the mixture; the 
charge is composed of alternate layers of quartzite and fine coke. 

At present, open-top three-phase furnaces in Soviet smelters are 
charged by Pluiko machines which operate on tlic throw principle. 
M'achine-charging is satisfactory, especially in the case of low-per- 
centage alloys. The drawbacks of the machines are their bulkiness 
and complexity of gearing. 

Charging through furnace bins and chutes, located around the elec- 
trodes, will undoubtedly be widely applied as furnace rating rises 
and the use of rotating bath furnaces becomes more common. In 
closed-top furnace operation feeding may l)o eiisured either by 
screw feeders (which exclude segregation) or by chutes around the 
electrodes. 

The number of charges per shift is determined by furnace power 
consumption and specific power consumption per charge. It is 1,400 
kWh per charge for 75% ferrosilicon (the charge contains 300 kg 
of quartzite). For crystalline silicon it amounts to 500 kWh per 
100 kg of quartzite. 

It is forbidden to charge unmixed materials or to draw compo- 
nents from a prepared mix. 

Liquid silicon is quite volatile, i.e., silicon losses from evaporation 
are considerable. Furnace operators should conduct the process 
with a view of minimising silicon volatilisation and simultaneously 
increasing the amount of charge smelted to the maximum. This is 
achieved by deep and stable electrode positioning and uniform 
evolution of gases over the whole charge surface. 


8—1456 
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ElccLrodc poiiotraLion is clolcrmined by the voltage drop between 
the electrode and the furnace bottom, by the magnitude of the elec- 
trode curretit and the electrical resistance of the mixture. 

The electrical parameters of a furnace (electrode secondary — 
voltage and current) considerably affect furnace performance. Tliere- 
fore, a correct choice of secondary voltage and the working cur- 
rent values for a ferrosilicon-smelting furnace is of utmost importance. 

In ])raclice, electrode penetratioji in tin; mixture is sometimes 
regulated Ijy varying the electrical resistance of the furnace. 

Furnace resistance is adjusted by increasing or decreasing the 
conductivity of the mixture cither by clianging its composition 
or the size of tlie lumps. An ijicrease in the amount of carboji re- 
ductant in the mixture raises the latter’s conductivity; an increase 
in the size of the coke used also raises cojiducti vity; substitution 
of Gubakha coke for ordinary coke lowers tlie mixture’s conduc- 
tivity; so does tbe addit ion of wood tails. 

The expansion of the electrode circle increases the electrical 
resistance of the furnace. 

Concentration of power input in the electrical arcs speeds up deox- 
idation in the electrode crucibles as well as the melt-down of the 
mixture in the vicinity of the electrode. The ])ortions of materials 
replacing the mixture consumed iji the electrode crucil)les descend 
Ijy gravity from the top. The nearer the mixture is to the electrode 
the greater is its heat consumption and the greater its melt-down 
speed; the furtluM* away it is the less heat it consumes and the slower 
its descent is. The mixture situated fnrtlier away from the electrodes 
is heated up mainly through heat conductance. The burden near 
the furnace walls is not heated up sufficiently to cause its smelling 
and the charge materials sinter into a moiiolith (protective lining). 

A sort of crucil)le forms beneath each electrode (the hottest zone 
of the furnace) where most of tlie silicon reduction occurs. 

The formation of electrode crucibles is explained l)y the uneven 
heating of the mixture and l)y the dilTerejice in smelting speeds in 
various sections of the furjiace hearth. The mixture melts near an 
electrode; a certain distance away, it is either j)astc-like or luilf- 
sintcred and forms the walls of the crucibles. 

The colder mixture in the upper part of the crucible also sinters 
and roofs over the ci’ucible. The walls and the roof of these crucibles 
melt down cojitijiuously and arc replaced by new portions of the 
mixture. The crucible thus cannot be regarded as a frozen vessel. 
It is rather a high-temperature zone formed at the tip of the elec- 
trode. When the furnace runs hot the lower parts of the crucibles 
join to form a common crucible. 

The rapid descent of the mixture near an electrode promotes the 
friability of the mixture column around it. Reduction reactions. 




Production of Silicon Alloys 


115 


as ^vcll as the hoaviosl gas evolution, occur mainly around the elec- 
trodes. The temperature of the mixture and its gassing decrease, 
while the compactness of the mixture layers increases with tJieir 
recession from the electrode. Gases forming near the arcs possess 
sensible heat and, passing through the mixture layers situated above, 
heat the latter. 

Wlien these upper layers of mixture are compcKsed of readily re- 
ducible oxides (for example, iron oxides), the latter can he reduced 
by carbon monoxide. The flow of hot gases through a cold mixture 
causes the vapour of silicoji and silicon monoxide to condense. If 
the gases pass through a wide area around the oleclrodes t heir speed 
is negligible and a large port ion of vapour condejises in the mixture. 
The narrowing of the area of friable materials around the electrodes 
decreases the Iransfer of heat to the mixture and increases evapora- 
tion losses. Wheji the zojie of gas evolution around the electrode is 
narrowed down pressure in the funiacc' rises thus worsening the con- 
ditioiis for the reduction of silicon by carl)on and creal ijig local hot 
spots. 

Poking at regular intervals is necessary in ferrosil icon smelting 
to provide uniform distri l)ution of the escaping gases at the furnace- 
top, as well as to prevent sintering and the appearance of hot spots. 
Poking should ])e especially energetic in the areas of slow hiirdei^ 
dej^cent. Poking should be done to the maximum de])th and the pole 
should be Indd almost vertically, as pokijig the uppermost mixture 
layers alone is useless. 

In Jiormal operating conditions, no poking is necc'ssary in 45?() 
ferrosilicon smelting. When separate sintered areas appear they 
should be poked by rammers; siiigle hard criists should be torn off 
and shoved towards the centre of the fuiaiace-top, while t he exposed 
areas should be covered wilh coke (or, analysis ])ermitting, fine 
coke with iron chips). The use of wood tails enhances the permeabil- 
ity of the mixture. 

Most of the troubles caused by uneven gassing at the furnace-top 
can be eliminated by using furnaces with rotating l)aths. 

Wbon the lU’oportioning of the charge components is upset or 
incorrect teclniology is applied the run of the furnace deteriorates. 
These troubles may be classified as follows. 

1. Lack of reductant in the mixture: electrode positioning be- 
comes unstable; power input fluctuates widely (the recording watt- 
meter registers a band of dashes instead of a smooth curve; the larger 
the band the greater the load unstabilily and, consequently, the 
greater the lack of reductant); long quartz threads drop from the 
electrodes; the crucil)les contract; the mixture becomes strongly 
sintered; gas blow-outs appear at the top; the taphole emits gas as 
gas pressure in the furnace rises sharply, and the gases are made 

8 * 
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white by burning silicon (rather by its oxi,de); consistent, viscous 
slag runs out of the taphole (tapping of slag is discontinued alto- 
gether when working with a lack of reductant for sustained periods 
of time). 

These are the symptoms of the crusting of the furnace. The first 
sign of crusting, especially in a furnace smelting 45% ferrosilicon, 
is the appearance of sharply expressed crucible boundaries with 
white flames over them. 

It should be remembered that the top of a furnace smelting 75% 
ferrosilicon, and all the more so of one smelting 90% crystalline 
ferrosilicon, always is somewhat more crusted than the one smelting 
45% ferrosilicon. 

To remedy tlie situation one should add a reductant to the mix- 
ture and charge more coke, and sliarply activate furnace-top servic- 
ing, especially poking. Alloy analysis permitting, it is useful to 
add iron chips with fine coke to the sintered areas of the furnace. 

Operating the taphole becomes difficult when one works with 
a lack of reductant for a prolonged period of time. Taphole plugging 
becomes either troublesome or totally impossible, and the melt 
infiltrates in any direction in the arch and even leaks through the 
furnace liiiijig due to its softening at the front wall. At the first sign 
of taphole trouble electrode crucible servicing above the taphole 
should be activated and additional coke should be charged. 

When taphole trouble is serious and the above-mentioned meas- 
ures are of no avail, the following method should be applied. The 
mixture around the electrode should be melted down, power turned 
off and the coke in the crucible (some 150-200 kg of it) pressed down 
to the maximum. When this operation is well performed the coke 
is pressed down into the slag and no high positioning of electrodes 
is observed. But even if it is, that should not trouble the operator 
as the operation on the whole gives positive results (and practice 
confirms it). In certain difficult instances this operation should be 
repeated two or three times, but not more than once a shift. 

In the smelting of crystalline silicon lack of reductant is discovered 
by the following symptoms: greater electrode consumption, evo- 
lution of great amounts of white fumes, ejection of gas from the tap- 
hole under great pressure, and instability of power input. This ab- 
normality is eliminated by adding some reductant. Sometimes, 
when there is a lack of reductant, unreducted silica flows through 
the taphole, thus obstructing it and making it impossible to tap 
the metal. In this case quartz should be extracted with iron rods; 
quartz in the taphole should be heated beforehand by an electrical 
tapping apparatus. 

2. Excess of reductant: electrode positioning becomes high, blow- 
outs spurt from underneath the electrodes (the furnace “roars”). 
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crucibles contract, the arcs operate noisily (characteristic buzz), 
the mixture collapses alongside the electrodes, there are no quartz 
threads around the electrodes, electrode power input is stable, slag 
is absent, metal fall is negligible; tlio metal is cold (the first stage 
of furnace “crusting”, on the contrary, is noteworthy for its hot 
metal). 

Sustained operation with excessive rcduclant in the mixture causes 
the freezing of the furnace-top, the slag crusting of the furnace 
and a sharp drop in productivity; the excess of rcductant is usually 
easily discovered. 

To remedy the situation the amount of rcductant in the mixture 
should be reduced and one or two batches of mixture with a dimin- 
ished amounts of rcductant (the so-called “heavy” ciiarges) should 
be charged; it is forbidden to charge pure quartz or a mixture with 
less than 100 kg of fine coke per charge portion. The furnace-top 
operation should be activated at the same time. 

When crystalline silicon is smelted the mixture in the crucible 
docs not sinter at all if there is an excess of reduclant; it becomes 
porous and descends with frequent downslides. The colour of the 
flame at the furnace-top is dark-red. The taphole is “dry”, i.c., 
poking reveals no signs of a liquid mass, and there are no splashes. 
This abnormality is eliminated by reducing the amount of fixed 
carbon in the mixture by 0.5-1 .0 kg and by charging two or three 
batches of materials with a lack of rcductant. Moreover, it is recom- 
mended to substitute charcoal for fine coke in these charge portions. 

In smelting silicon, the excess of reductant in tlie charge for a 
prolonged period of time leads to the appearance of carborundum 
which should immediately be removed from tlie furnace. To this 
end the mixture near the electrodes should be smelted for 30 minutes 
and carborundum should then be extripated out of the electrode 
crucibles with iron rods. If Chis operation is not successful, carbo- 
rundum should be shattered and the pieces thrown under the elec- 
trodes. A burden with a lack of rcductant should be charged follow- 
ing this operation. 

If there is considerable accumulation of carborundum the furnace 
should be heated for two to four hours without charging. After that 
powder should be turned off, the furnace hearth should be cleared 
of carborundum with the aid of pneumatic picks and power reapplied 
for normal operation. 

3. The operation with short electrodes is similar, in symptoms 
and results, to that with excessive reductant. 

Hot flames shoot out from underneath the electrodes, the crucibles 
narrow down, arc operation is noisy, the mixture tumbles alongside 
the electrodes, no slag is tapped, metal fall is negligible and the 
alloy is cold. 
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The electrodes should be slipped and leiigLlieiied immediately. 

4. The operation with excessively long, higli-positioried electrodes 
incrc'ases tlieir power Josses; in case of deep pejietration, the elec- 
trodes settle down in the slag, arcing is lost, there is no smelting 
in the furnace and a considerable amount of power is Avasted. 

Moreover, the operalion Avilh excessively long electrodes usually 
leads to the enisling of I he furnace because of the operators’ tendency 
to sink tlie electrodes in order to set the furnace right. 

In this case, electrode slipping should be curl ailed to remedy 
the situation. 

In all cases of furnace trouble Ihe following factors should be 
checked : 

1) size of raw mati'rials and their conformity to the standards, 
since 0 ])eralion with coarse col<e is similar, by its external sym[)toms, 
to operation witli excessive reductant; 

2) accuracy of weighing equipment and proper proportioning of 
the mixture; 

3) conformity of the Aveight of the reductant to its moisture content. 

Moreover, the operators’ attention should be focussed on the in- 
tensification of furnace-toj) servicing, since furnace trouble is often 
the result of insufficient, belated and incorrect technological 
operations at the furnace-top Avhile the proportioning and (juality 
of raw materials comply with requirements for normal operation. 

Alloy tapping and teeniing. Ferroalloy furnaces smelting ferrosil- 
icon operate coni iuuously while Ihe alloy is tapped periodically, 
as it accumulates iu the bath. There are from four to eight tappings 
per shift, depending on the grade of ferrosilicoii and teeming meth- 
ods. Frequent tappings are inadvisable, for they result in higher 
teeming and dressing losses; on the other hand, rare tapjiings are 
not recommended either, since accumulation of excessive amounts 
of alloys in the furnace hinders its operation. The alloy must be 
tapped after a set |)eriod of time, according to a rigid time-table. 
At the start of each shift the taphole block is fettled with anode paste 
and covered Avith a layer of sand. The paste should fill perfectly 
all the roughnesses of the taphole. This is achieved by smoothing 
the heated paste (it is heated up by heat evolAing from the furnace) 
Avith a tamper. At the same time the taphole is shaped to a shallow 
runner. 

When the taphole is insufficiently cleared of slag and the recess 
around the eye of the taphole is filled Avith it, the accretions arc de- 
stroyed by means of electric tapping apparatus and removed. 

When operatijig normally, the eye of the taphole is readily pierced 
by an iron rod; Avhen this method fails, the taphole is opened 
by electric arc struck betAveen'the cone of the hole and an iron rod 
connected to the electrode. of the electric tapping apparatus. 
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Tlie tapliole should l)e opened wide enough to permit full evacua- 
tion of slag from the furnace, but at the beginning of tapping the 
hole is made small to prevejit a violejit break! lirongh of tlie alloy, 
which may cause accidents and contaminale tlie ingols (a si rung jet 
washes away sand from the runner). In normal conditions, slag 
should be evacuated from the furnace at each lapping of alloy. 
Slag accumulation in the furnace causes a breakdown in the ojiera- 
lion of the taphole, disturbs I he normal tecbuology of llie jirocess 
and leads to a general disturbance in furnace run. 

The duration of alloy tapping is 15-25 niinules. Dunng the proc- 
ess Ihe taphole is cleaned from time lo lime with an iron rod lo 
clear the opening and ensure the evacuation of slag, ll is forbidden 
lo poke the laphole with a wooden pole, for Ibis hampers tbe evacua- 
lion of slag and endangers the personnel. 

When })lugging Iho tapbole, special care sboiild Ik* laken to clear 
i! Ihorouglily of alloy and slag. To this end Ibe la|)iiole is heated by 
an electric tapper. If the taphole is crusted with slag and alloy, 
it is very difficult to plug it and negligence in ils cleaning olteu 
causes serious accidents. 

After the tapping, the eye of the taphole is [ilugged to tbe maxi- 
mum* depth with a conical electrode ])aste plug (the ping is ])ropared 
from melted paste and sand in a special mould in wbida Ihe paste 
cools and consolidates) or with a mixture of fin^clay and electrode 
flour. If closed with a shallow' plug, the tapliole causes the front 
Avail lining to beat up and leads to taphole trouble and to lining 
breakthroughs near tin* taphole. It must be pointed out that this 
is one of the most frequent causes of furnace hearth accidents in 
si 1 icoM-smelting practice. 

t^errosi licoji is taiijied direclly into moulds (wliicb are rolled in 
under the taphole) or into a ladie. Crystalline silicon is tapped into 
aji all-cast iron mould which is rolled in under the taphole on a car- 
riage. 

Moulds for ferrosilicou may either be cast or welded and lined 
with firebrick. In both cases the mould is fettled with sand, and 
a carboji 1)1 ock is placed under the alloy jet. 

The alloyTs first tapped into a ladle and I hen teemed into massive 
cast-iron moulds with ingots approximately 71) mm thick (Avhen 
pouring metal a piece of alloy from a preceding heat is placed under 
Ihe jet) or into sectional cast-iron moulds fettled Avith crushed or 
granulated alloy. This method of teeming permits to obtain a pure 
ingot in a single operatioii Avithout furl Ivor dressijig, crushing ex- 
ce|)ted. 

ReA'crsible moulds have been tried out, Avhicb made it possible 
to mechanise the teeming of metal (Fig. 08). When a granulated 
alloy is desired, it is granulated in a special installation. The 
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installation for granulation consists of a recei-ving spout with a laun- 
der to receive the metal jet from the ladle and to direct it to water 
pulverisers, “the cutters” which break the metal into grains, of 
a granulation tank (3 x2 x6 m) for cooling the granulated metal 
and of a basket which slides into the tank and serves to collect 
the granulated alloy. 

Teeming of ferrosilicon into massive cast-iron moulds with ingots 
approximately 70 mm thick permits to obtain homogeneous ingots. 
It has been established that there is a noticeable segregation of 
silicon and aluminium when ferrosilicon is cooled slowly (less than 
10°G per minute). Carbon content in the top of the ingot is higher 
than in the bottom by 12 to 17%; aluminium content is higher in 
the ingot bottom by l^/o, hence the tendency of the ingot bottom to 
crumble, especially in 75% ferrosilicon ingots. Rapid cooling (faster 
than G0°C per minute) permits to drive down the segregation of 
silicon to 2% and that of aluminium practically to nil, thus sharply 
decreasing the trend of ferrosilicon to disintegrate. 

Therefore, to diminish segregation, i.e., to obtain a stable, non- 
crumbling ferrosilicon the alloy should be cooled faster. This may 
be done by teeming the alloy into metallic moulds and in ingots 
not exceeding 70-100 mm in thickness. 

‘When 45% ferrosilicon has been tapped, the slag crust should 
be removed before it freezes. 

Ferrosilicon is kept in the moulds until it fully solidifies; the sur- 
face of the ingot should be dark-red (Cn45 grade) or grey (Gn75). 
The ingot is then transported by a crane to a special cooling plat- 
form in the pouring aisle. Since the strength of ferrosilicon alloys 
drops with temperature causing cracks, ingot dumping should not 
be delayed. The duration of the ingot cooling operation depends 
on the type of the mould, its fettling and the alloy weight. 

Granulated alloy is unloaded from the basket into a bin with 
holes for the evacuation of water; the alloy is held in the bin for 
at least 20 minutes and is then weighed. 

Ingots are broken to fragments of desired weight by hand or by 
pneumatic hammers. Sand on the bottom surface of ferrosilicon 
ingots is cleaned off with a metallic brush, while the slag is ham- 
mered off. 

Gleaned alloy is loaded into bins for weighing and handling. 

As we have mentioned above, it is possible to obtain ingots with- 
out such dressing procedures, provided a granulated or finely 
crushed alloy is used for the fettling of moulds. 

When the alloy is tapped out into massive reversible moulds 
some alloy fragments from a preceding heat are put under the jet 
to protect the mould against erosion. This permits to deliver the 
alloy to customers without additional dressing. 



.6 El me tor, 3.5 kw 
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Fig. 68. Rotating mould for ferrosil- 

icon teeming: 

1— frame; 2— mould; 3— worm gear; 4— hicar- 

ing; 3 — shaft; G— gearing wheel; 7— pinion; 
8— electric motor; 9— reducer coupling 
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Gryslallinc silicon, icoined into moulds, Ls dumped out ijito bins 
and conveyed to the cooling aisle, \vhere it is cooled, crushed, cleaned 
and packed. 

The composition of commercial ferrosilicon is given in Table 16. 

Table 16 


C(»nii?osiUoii, •>/„ 


Alloy 

Si 

Fr . 

A1 1 (•;. 1 P i S 

Mn 

Cr 


Vi. 2 

53.87 

0.50 

0.82 

0.023 

0.013 

0.42 

0. 16 


45.6 

52.78 

0.67 

0.41 

0.025 

Traces 

0.38 

0.14 


44.2 

52.67 

0.84 

1.81 

0.024 

” 

0.35 

0.11 


46.2 

51.81 

0.74 

0.70 

0.020 

0.01 

0.12 

0.40 

CiiTo 

75.4 

22.07 

1.21 

1 .00 

0.026 

0.01 

0.20 

0.08 


7 ( 3.5 

21.05 

0.72 

1.45 

0.027 

'traces 

0.19 

0.06 


78.0 

10.03 

0.00 

1.60 

0.024 

0.01 

0.19 

0. 16 


77.5 

20.01 

1.04 

1.10 

0.028 

0.01 

0.20 

O.ll 

CjiOO 

00. 13 

7.58 

1.63 

0.(36 



..... 



88.67 

8.60 

1.90 

0.83 

..... 



- 


03.1 

5.03 

1.48 

0.30 


..... 




01.60 

5.08 

1.70 

0.54 


— 



Crystalline siliroii 

09.06 

0.30 

0.34 

0.30 

— 

— 




08 . 08 

0.27 

0.33 

0.42 






08.28 

0.82 

0.44 

0.46 


...... 

— 



00.01 

0.40 

0.20 

0.30 






Production Control 

The quality of ferrosilicon is checked when the alloy is tapped 
out. Three samples are taken by putting a graphite crucible under 
the alloy jet: at the beginning, in tlie middle and at the end of la})- 
ping; the sample is sent to a shop laboratory for silicon assaying. 
The weight of the iron chips added is adjusted in conformity with 
the analysis results and a conclusion is drawn as Lo the correctness 
of tqchimlogy. 

A gradijig analysis is made with samples taken from cold ingots 
or with a mean sample taken during the pouring. A full chemical 
analysis is made of one ferrosilicon heat from each •furuace once 
every ten days. 

The correctness of technology during shifts is checked by hourly 
charging and specific power consumption time-tables. The amounts 
of charges smelted and power consumed are recorded on a special 
board every hour to ensure control. Deviations from a pre-set hourly 
time-table are indicative of abnormalities in the furnace run and 
call for the localisation of trouble and its elimination. 

Process technology is also chpeked by electric metering instru- 
ments, by furnace-top symptoms and by the amount, physical 
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state and chemical composition of the slag tapped out witli the al- 
loy. It is recommended to weigh the slag each shift. The furnace 
chief and the shift foreman control tlic weighing of the charge peri- 
odically during the shift. Conformity of actual charging to that set 
by the time-table is checked daily by tlie chief foreman. 

Correct reductant weight is calculated each shift J)y the foreman 
in accordance with actual coke moisture. 

The quality of charge preparation is controlled eojitinuously by 
the whole furnace crew. 

The Quality Control Department exercises contrdi over compli- 
ance with technological insi ructions, accuracy of charge weighing, 
Ihe quality of the charge materials delivered to the furnaces, deter- 
mines and eliminates I lie causes of low-grade raw material deliveries 
to the workshop, checks the quality of commercial pi'odncls, deter- 
mines and eliminates the causes of spoilage. 

Ferrosilicon Smelting Production Data 

Relatively cheap raw malerials are used for I be production of 
ferrosilicon; in this connection, the cost of electric power consumed 
cornos to 30-45% of the over-all alloy cost. Recanse of this, 

I be chief factor characl erising furnaces operation is specific po\t'er 
consumption. Specific power consumption depends, in the first in- 
.stance, on the grade of ferrosilicon smelted and incrcnises with tbe sil- 
icon content. This is expiained by the increased difficulty of re- 
ducing silicon when tlie iron content in the charge drops, as well as 
by increased silicon evaporation. 

Silicon losses (in percentage of silicon charged into the furnace 
in the form of silica) amount to apiiroxinial ely 4 to 5% in the pro- 
ductioji of Cn45, 7 to 1U% of Cu75, 15% of CulK) and approxi- 
mately 25 ?u of crystalline silicon. 

Prevention of silicon losses in ferrosilicon smelting is an important 
factor in the rediiclioji of specific power consumption. 

A decrease in silicon lo.sses may be obtained by a proper choice 
of optimum electrical operating conditiojis, high-quality and sta- 
ble composition of the charge and correct and attentive operation 
of the furnace-top and furnace taphole. 

Lowering of alloy losses in tapping and dressing operations is 
also an important task. 

Furnace (lown-time in ferrosilicon smelting causes a deterioration 
in the constant thermal and electrical operating conditions and 
sharply raises power consumption; hence, it is necessary to shorten 
furnace down-time and to effect repairs rapidly and efficiently. 

All other conditions being the same, the larger the furnace the 
lower specific power consumption in ferrosilicbn production. 
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The increase in furnace productivity as the result of a power rat- 
ing rise, as well as other factors, is of considerable importance from 
the point of view of economy on wages and over-all shop and smelt- 
er expenses. 

Consumption of raw materials, electrodes, anode paste, shells 
and electric power for the production of ferrosilicon is given in 
Table 17. 


Table 17 

Silicon Alloys Production Data 


Ma ter la 1 

Consumption per ton, in kg, lor the gratle of tlic alloy 

Ciil8 1 

1 Cn4r) 1 

1 Cii75 

CiiOO 1 

Crystalline silicon 

Quarlzitc 

500 

1,030 

1,800 

2,700 

Quartz 2,900 

Iron rliips 

900 

620 

210 

215 

— 

Dry fine coke 

225 

500 

860 

975 


Pitch coke 

— 

— 


— 

650 

Charcoal 

__ 

— 

— 

540 

850 

Anode paste 

8.0 

24 

40 

80 


Graphilised elec- 






trodes 

— 

— 

— 

— 

100 

Steel plate 

0.5 

1.2 

2.0 ’ 

4.5 

— 

Stad rods 

3.0 

5.0 

8.0 

12.5 

8.0 



kWh 



Power consumption 

1,900 

4,500- 

8,300- 

12,300 

14,000 



4,800 

9,000 





Chapter 2 

PRODUCTION OF SILICOCALCIUM 


Designation and Composition of Silicocalcium 

Complex reducers are Avidely employed in the production of high- 
quality steels; among these an importajit place is occupied by al- 
loys of calcium with silicon generally known as silicocalcium. 

Silicocalcium is used both in the form of powder (for the rediic- 
iion of slag) and lumps. 

Silicocalcium processing of sleel promolcs the latter’s desulphur- 
isation, as CaS which forms as the result of this process is a very 
stable compound and does not dissolve in steel. 

The chemical composition of silicocalcium (rOCT 4702-49) is 
giytfli ill Table 18. 

Table IS 


ClUMiiical ('(mipdsilion, % 


Qrarlc 

Calchiin 

Calcium 

■f 

silicon 

Alumin- 

ium 

Sul- 

phur 

phosphorus 

minimum | 

maximum 

Kacil 

0 

, 31 

90 

1.5 

0.0 'j 

0,05 

KacH 

1 

28 

90 

2.5 

0.04 

0.05 

Kacn 

2 

23 

85 

3.0 

0.04 

0.05 


Silicocaldum is delivered to consumers on a hatch liasis, packed 
in metallic drums. 

Raw materials for the production of silicocalcium, their pre- smelt- 
ing preparation. The mixture for the production of silicocalcium 
consists of quartzite, lime, fine coke, charcoal and coal. 

Raw materials specifications are the same as in ferrosi I icon-smelt- 
ing practice. 

lame used for the production of silicocalcium should contain 
minimum 90% of CaO. Poorly burned lime sharply raises power con- 
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sumpliori, lowers furnace efficiency, causes Leclniology disturbances 
and shortens furnace life. 

TJie presence of lime fines, whicli readily hydrate under the in- 
fluence of atmospheric moisture as well as the moisture contained 
in rcductants, is undesirable too. The size of lime lumps should 
range from 20 to 100 mm. 

Physicochemical Principles of Silicocalcium Production 

Calcium is an element of the second group of the Mendeleyev Periodic 
System (ordinal nnmher 20) and is fifth as to its occurrence iji 
nature; its content in tlie earth’s crust is 3 . 25 ^ 0 . The greater port ion 
of calcium occurs in nature as limestone, eJiaik, marl)le (CaCOa), 
gypsum (CaS ()4 • 2Hj>0), and dolomite (Ca • Mg) COg. 

i ndustrial production of calcium is based uj)on the red net ion of 
calcium oxide by aluminium in the presence of fluoric calcium at 
1000-11C)0'"C and in vacuum. 

Calcium is a grey, lustrous metal with excellent ])laslicity. The 
chief physicochemical properties of calcium are the following: 


Alornic weiglit ^j0.08 

Sperific gravity l.a<' 

ValcMict' 2 

Molting point. 8h) 

Boiling point, "G Pin? 

Heal of fusion, cal /mol 2,220 

Specific heat cajuicity at 2r)°G, cal/®C O.!")? 


Calcium is absolutely insoluble in iron. 

Together with carbon it forms a stable carbide CaC.^. The heat of 
formatioji of calcium carbide is 14,500 cal. The melting point is 
2300 C. 

With silicon calcium forms silicides: CaoSi, CaSi and CaSi^. The 
stablest of calcium silicides is CaSi, which contains 58.8^u Ca and 
41.2% Si. Tlie heal of formaliou of CaSi is 30, 000 cal; ils meltiiig 
poijit is 1245 ’C. Silicide of calcium CaSi is a stabler compound 
than calcium carbide. 

With oxygen calcium forms a stable oxide CaO. The specific grav- 
ity of calcium oxide is 3.4, its melting lioiiit is 2700 C. Formation 
of GaO from elements is accompanied by the evolutioii of a great 
amount of heat: 

2Ca + O., - 2CaO 303,800 cal, 

which is evidence of its stability. 

Silicocalcium is produced by the reduction of calcium and .silicoii 
from lime and quartzite by carbon roducLants according to the fol- 
lowing reactions: 



Production of Silicocalcium 


127 


2GaO + 2C - 2Ca -f- 2C0 — 251,000 cal; 

SiOa -h 2C ^ 2Si -h 2CO — 155,500 cal. 

Both reacliojis arc given in relation to one molecule of oxygen 
for coiiveriionce of comparison. Coiisiderahlo heat coiisumpl ion is 
a requisite for the flo^v of the two above mentioned reactions. 

With the rise of temperature the stability of SiO., and CaO de- 
creases, while that of CO increases (Fig. tU)). Successful reduction 
of SiO^ and CaO to silicon 
and calcium hy carl)on is 
possible only at tempera- 280 

tures when the resultant 
GO becomes stabler than tlie 
reduced oxides. This is at- 
tained, for SiOo, at temper- c^22P 

atures above 1510 C and ^200 

for CaO at temperatures ^ 

ab o V e 21 50 ' C . S 

When SiOo-and GaO are 
reduced jointly the reduc- § 

tion process is facilitated 5 

hy U*e formation of silicon ^ 

a ca I c i um wli i ch com I) i n e ^ 

t o form a stable compound S so 

— calcium silicido CaSi: ^ so 

V, GaO-f.% SiO.,-f ,0 

+ 2C:-^V.. CaSi-l 2CO. 

This reaction may take q 

])lace at about. 1600 C, i.e., zoom bod 800 1200 jboo 2000 

at a temperature consid- Jemperature, °C 

erably below tliat re(juired pjg Relationship between .stability 

for t he red uction of calcium of oxides and teinperaluro 

oxide only. 

In the product ion of silicocalcium silicon has Lbe same function 
as iron in the production of ferrosilicon : evaporation of calcium 
in the productioji process is prevented by tbe dissolution of calcium 
in silicon. 

Calcium oxide and silicon, when axailablc in tlie ratio of 85 to 
55% CaO and 45 to 65% SiO^, form an easily fusible slag (melting 
point 1450-1 550 ^C). The formation of such slag lowers the temper- 
ature in the reactive zone of the furnace and renders the reduction 
of calcium and silicon impossible; moreover, it attacks the pro- 
tective layer and furnace lining. To prevent the formation of such 
slag the process is conducted with a great excess (30%) of reductaiit 
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over Mie theoretical amount necessary. This, in turn, brings about 
the formation of silicon and calcium carbides by the reactions: 

SiOa 4- 3G - SiC + 2GO — 127,500 cal; 

2GaO + 6G = 2GaG2 + 2GO — 222,800 cal. 

These reactions consume less heat than the reactions of reduction 
to pure elements and, therefore, may proceed at temperatures below 
that at \vhich slag is formed. Garbides, reverting to slag, raise its 
melting point and ensure the attainment of high temperatures in 
the reactive zone which are necessary for the successful reduction 
of silicon and calcium. 

The excessive development of the carbide-forming process leads 
to the crusting of the furnace and, to avoid that, carbides are de- 
stroyed periodically by sijigle additions of quartzite. The reactions 
of the process are as follows: 

2SiG4-Si02-3Si i-2GO-211,500 cal; 

GaG2+Si02--Ga-| Si + 2G0— 169,000 cal. 

Slag assay in the production of silicocalcium varies widely. The 
average composition of normal slag is as follows: SiO^ — 54.36%; 
GaO-15.3%; SiG-8.8%; GaG2-15.0%; Al 203 ~ 2 . 5 %; the rest- 
MgO, FeO and other components. 


Charge Calculations 

The main condition in the calculation of the charge for the smelt- 
ing of fcrrosilicon is prevention of the formation of excessive amouiits 
of slag; the process is conducted with aji excess of 30% of fixed car- 
bon in the mixture over the amount theoretically necessary (the 
result is reliable duty of the lining due to the formatioji of a pro- 
tective layer). 

Assume that the following is the composition of the alloy: 30% 
Ga and 60% Si. 

Assume further that the GaO content in the lime amolints to 90%, 
while that of SiOg in quartzite equals 97 ?6. 

Bearing in mind the considerable stack losses of calcium and 
silicon as well as smelting practice, lot us take the following ex- 
cess coefficients (in excess over those theoretically necessary) 
for the lime— 2 times, quartzite — 1.5 times, fixed carbon— 1.3 
times. 

The carbon content in dry fine coke is 86%, and 63% in dry 
charcoal. 
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A charge portion comprises 65 kg of charcoal; the remaining por- 
tion of fixed carbon comes in the form of fine coke. 

The amount of lime necessary for the production of 100 kg of alloy 
is: 


30 X 50 X 2.0 
40 X 0-90 


93.5 kg. 


The amount of quartzite necessary for the production of 100 kg 
of alloy is: 


60 X 60 X 1 .5 
28 X 0.97 


- 199 kg. 


Assume that the following is the composition of a charge portion: 
100 kg of lime and 200 kg of quartzite. 

The necessary amount of fixed carbon per charge is 


/lOOx 0.90 x 12 200x 0.97 x24 

V 56 ~ 60 


X 1.3 = 126 kg. 


The following amount of fixed carbon is introduced with charcoal: 

65 X 0.63 = 41 .kg. 


The required amount of fine coke per charge: 


120 - 41 
0.86 


99 kg. 


Since the coal and fine coke delivered to the smelting shop have a 
considerable moisture content, the actual weight of the reductant per 
charge depends on the moisture content of the above-mentioned 
materials (Table 19). 

Table 19 


Rcduclant 

Dry 


Moist weif^ht, kg, with moisture in % 


wei{;ht, 

kg 

2 

‘ 1 

« 1 

1 ® ' 

to ' 

1. 1 

14 1 

16 ' 

IR 

20 

Charcoal 

65 

05 

70 

70 

75 

75 

75 

80 

80 

85 

85 

Fine r(jke 

99 

100 

100 

105 

105 

110 

110 

115 

115 

120 

120 


As a rule, the mixture is now composed as follows, in kg: 


Quartzite 200 

Lime 90-85 

Fine coke 100-90 

Charcoal 55 

Anjcr coal 30 


9—1456 
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Aiijer coal was added lo the burden after a series of tests and 
has played an important role in reducing alloy production costs, 
as it is approximately three times as cheap as charcoal. 

Temporary variations in the composition of the charge given 
above may be tolerated in the following instances: 

a) when the furnace is switched over to silicocalcium smeltijig 
and when an excess of fixed carbon is required to create a carbide 
bedding on the hearth; 

b) when a sharp change occurs in the quality of lime the amount 
of lime in the charge may be altered; 

c) when the run of the furnace deteriorates. 

Technology of Silicocalcium Production 

Silicocalcium is smelted in furnaces of 10,000 kVA and higher 
rating, with secondary voltage equal to 115-123 V and electrode 
current equal to approximately 50,000 A. The choice of such elec- 
trical operating ranges is dictated by the desire to obtain the max- 
imum possible deep and stable positioning of the electrodes, 
normally averaging about 700 mm. 

In the case of silicocalcium smelting the furnace rapidly be- 
comes crusted with carbides and has to be relined at least tbjree 
times a year. 

After current lining repairs the furnace is used for about 10 to 
15 days, in smelting 45% ferrosilicon in order to heat it up. It 
is then cleaned by smelting lime. About 20 tons of lime arc charged 
into the furnace to clean it completely; the duration of the molting 
is 10 to 12 hours. The melt obtained is tapped out into slag 
containers. If the bath is not cleaned satisfactorily an addi- 
tional portion of approximately five tons of lime is introduced 
into the furnace; as soon as it is melted, a second tapping is 
effected. 

After the bath-cleaning operation fine coke (3.5-4 tons) is charged 
on the hearth and the hanks, following which the burden is charged 
slowly: the first eight hours at a rate of two charge portions an 
hour, the next eight hours at a rate of three charges an hour. During 
a shift the metal and slag are tapped two or three times. After a 
lapse of 16 hours normal charging comes into effect, at a rate of 
1,570-1,650 kWh per charge. 

The smelting of silicocalcium is a continuous process and a batch 
of mixture is charged as soon as the preceding portion slides down. 
A mixture Wth a considerable lime and charcoal content is porous 
and does hot require pushing by poles. Instead of this it is impera- 
tive to rabble the centre of the charge column at the furnace-top 
with metal rabblers after each tap. This is done to prevent the 
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rise of the charge level, for it may cause rapid furuace crusting and 
shorten the latter’s campaign. The most important task of the oper- 
ator is to keep the charge level low for performance results depend 
on how this problem is solved. 

Average-size charge cones are kept up around the electrodes to 
push off the evolving gases; this raises heat transfer efficiency and 
reduces the evaporation of calcium and silicon. 

One symptom of abnormal calcium oxidation is the appearance 
of dark crimson flames at the furnace-top. 

Normally there should he no gas blow-outs at the furnace-top and 
the flame should be uniform over the whole charge surface. The mix- 
ture should descend gradually, the quicker the nearer the charge 
section is to the electrode. When a large portion of the mixture 
collapses, the furnace operator pushes the mixture over the edges 
of the crater with a rabbler and then feeds the necessary amount 
of fresh burden. 

The smelting of silicocalcium, as we have already pointed out, 
proceeds with a great excess of reductant. Consequently, the fur- 
nace hearth gets rapidly crusted with carbides of silicon and calcium 
and unless special measures are taken to destroy them, the furnace 
goes out of commission after a relatively short period of time and 
per-formance results drop sharply. • 

' From 500 to 800 kg of quartzite are periodically charged into the 
furnace (usually three-four times per shift) to destroy carbides. 
Quartzite is charged after the tapping of metal, while the mixture 
is heaped beforehand around the electrodes to prevent quartzite 
from falling directly into the electrode crucible. Quartzite is 
charged around the electrode along its entire perimeter. 

When the crusting of the furnace is rapid, quartzite is also charged 
by large portions (up to one ton). 

The following are the symptoms of furnace crusting: 

a) high calcium content in the alloy (32% and higher); 

b) absence of slag during tappings or negligible slag fall; slag 
is viscous and high as to “volume test”; 

c) tapping difficulties; 

d) high positioning of electrodes and characteristic buzzing of 
electric arcs; 

e) decrease in burden movement (furnace-top is bright) and fre- 
quent blow-outs. 

In serious cases, apart from additional quartzite, there is a need 
for a decrease in reductant to improve the furnace run. 

Lack of reductant is characterised by continuous current fluctua- 
tions (ammeter readings), speed-up in burden movement, increase 
in amount and improvement of running qualities of slag, lowering 
of the latter’s calcium carbide content, decrease of the calci- 


9 * 
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um content in the alloy, and by difficulties in taphole plug- 
ging- 

When there is a lack of lime in the mixture the calcium content 
in the alloy drops and the running qualities of slag deteriorate. 
When there is an excess of lime, groat amount of highly liquid slag 
is observed. 

Whatever furnace trouble, it is necessary to chock up on the 
preparation of the mixture as well as on the correctness of furnace 
operating procedures. 

Tapping, Teeming and Dressing of Alloys 

The alloy is tapped four times during a shift. Tapping is effected 
by moans of a swing-aside receiver lined with firebrick. The receiver 
(Fig. 70), mounted on a carriage, has an upper cylinder equipped 



Fig. 70. Diagram of calcium-silicon teeming 


With a pouring lip fettled with dry sand which helps to retain all 
tap slag in its recess. After the tapping the alloy is poured through 
the lip onto a cast-iron pan by tilting the receiver, while the slag, 
being heavier, remains in its recess. 

Slag should not be allowed to penetrate into the alloy pan, 
for this contaminates the ingots and may spoil a large amount of 
alloy. 

Taphole maintenance in silicocalcium smelting is similar to 
that in ferrosilicon smelting. The taphole should be poked at each 
tapping Of, at least, lanced with oxygen; the appearance of flames 
through the taphole is evidence that this has been done properly. 
A non-standard alloy, clean ,from slag and crushed into lumps, 
may be added for resmolting into the * pan befdre silicocalcium 
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is tapped. The amount of alloy to be rcsmcltod should not exceed 
100 kg per heat. 

The composition of individual heats of commercial silicocalcium 
is given in’ Table 20. 

Table 20 


CompoBltion of Bilicocalclum. % 


Si 1 

Ca 1 

Vo 

A1 


30.52 

3.77 

1.59 

63.07 

31.51 

3.34 

1.4S 

64.29 

30.81 

3.48 

1.42 

67.00 

28.24 

3.19 

1.57 


A metal ingot is extracted from the mould 1-1.5 hours after tap- 
ping, depending on its thickness. The slag is taken out of the receiver 
with the help of tongs after 30 to 40 minutes; large metal inclusions 
are sorted out from slag lumps after they have been cooled; smaller 
inclusions arc picked out after the disintegration of the slag in the 
slag yard. • 

Cleaned and crushed alloy is packed by heat batches iii metallic 
drums. 

Production Control 

The quality of silicocalcium is checked not ojily by the control 
methods generally used for silicon alloys and by its chemical com- 
position, but also by the character of the fracture of the ingot. An 
alloy witli loss than 25% Ga has a uniform fine-grained structure. 
The fracture of the alloy becomes macrocrystalline when the calcium 
content exceeds 28-29%, while a columnar structure is observed 
when Ga in the alloy reaches 30% and over. 

Besides this, the slag from each heat is tested for the calcium car- 
bide content* (by the volume of acetylene generated, the so-called 
slag “volume” test). 

Performance Results of Silicocalcium Production 

One of the basic factors of silicocalcium production is specific 
power consumption. Average power consumption per ton of 28% 
Ga alloy comes up to 12,000 kWh. 

Raw materials consumption per basic (28% Ga) ton of alloy is 
as follows, kg: 
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Quartzite (97% Si02) 
Lime (90% CaO) . , 

Charcoal 

Aujer coal .... 
Dry fiuo coke ... 
Anode paste .... 


1,900 

720 

400 

240 

G70 

230 


The main ways of improving silicocalcium production performance 
results are the following: 

1) choice of optimum electrical operating conditions; 

2) improvement of raw materials quality; 

3) prolonging the campaign of silicocalcium furnaces; 

4) reduction of alloy losses which at present constitute a con- 
siderable value. 
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Use of Ferromanganese 

Mauganeso alloys arc those in which the predominant constituent 
is manganese. 

The most important is ferromanganese — an alloy of iron and 
manganese, containing about 80% of Mn. 

Ferromanganese is widely used in the manufacture of tool steels 
(up to 0.4% Mn) and structural steels (up to 0.0% Mn), and also 
of special steels with a high manganese content (up to 12-14% 
Mu), as well as an alloying addition. ^ 

Metallic majiganese is used in the manufacture of special steels 
low in iron, low-carbon alloyed steels with a high manganese con- 
tent, as well as in non-ferrous metallurgy. 

Ferromanganese and silicomanganese are widely used reducers 
in the manufacture of steel. Ferromanganese is also employed 
for desulphurisation of steel, while silicomanganese is used as a semi- 
product in the manufacture of medium- and low-carbon ferroman- 
ganese and metallic manganese. 

Grades of Manganese Alloys 

The composition of ferromanganese as specified by State Standards 
is given in Table 21. 

Ferromaiiganese of the grades MiiO, Mnl, Mn2, Mn3, and Mn4 
is manufactured in electric furnaces, while that of grades Mn5 and 
Mnf) is manufactured in blast furnaces. 

Stored carbon-bearing ferromanganese, containing over 82% Mn, 
disintegrates under the action of ambient moisture. Consequent- 
ly, the manufacture of alloys wuth manganese above 81-82% is 
avoided. 

Metallic manganese is used for smelting low-carbon special alloys 
with a low iron content. The latter’s composition (as specified by 
rOCT 6008-51) is given in Table 22. 



13C 


Ferroalloy Technology and P ro duction Methods 


Table 21 


Chemical Composition of Ferromanganese and Its Use 





I Composition, % | 


rocT 

Denomination of 

Grade] 

Mn 

c 1 

Isi 

1 1 


1 ^ 

Use 

ailoy 











minimum 


maximum 




Klcctrolbcrinic. 








Deoxidiscr and 


Low-carbon 

MnO 

80.0 

0.5 

2.0 

0.30 

0.03 

alloying addi- 
tion for low- 


Medium- carbon 

Mnl 

80.0 

1.0 

2.0 

0.30 

0.03 

4755-49 


Mn2 

80.0 

1.5 

2.5 

0.30 

0.03 

carbon steel 


Carbon 

Mn3 

78.0 

7.0: 

2.0 

0.33 

0.03 

Ditto for steel 



Mn4 

76.0 

7.0 

2.0 

0.38 

0.03 

with higb-car- 







1 



bon content 


Blast-furnace 

Mn5 

75.1 and 


2.0 

Group 

0.03 

Dooxidiscr for 




over 



A 

1 B 


high-carbon 

5165-49 j 









steel 






0.35 1 

0.45 




Mn6 

70.0-75.0 


2.0 

0.35 

| o .45 

0.03 



Table 22 


Chemical Composition of Metallic Manganese TOf T 6008-51 


Grade 



Clienilcal 

composition, % 



Mn, 

mini- 

mum 

Si 


A1 

Fe 

Cu 

C 


Sum of 
impurities 

Maxim um 

Mp 00 

99.95 



0.005 





_ 

0.02 

0.01 

0.05 

Mp 0 

99.70 

— 

0.01 

— 

— 

— 

0.10 

0.10 

0.30 

Mp 1 . . . 

95.00 

00 

d 

0.05 

— 

2.5 

— 

0.10 

— 

5.00 

Mp 2 

93.00 

1.8 

0.07 

— 

3.0 

— - 

0.20 

— 

7.00 

Mp 3 

01.00 

3.5 

0.45 

1.0 

2.0 

2.5 

0.12 

— 

9.00 

Mp 4 

88.00 

4.0 

0.50 

1.5 

3.0 

4.0 

0.15 

— 

12.00 


The composition of a complex silicomaiiganese retlucer is given 
in Table 23. 
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Table 23 


Chemical Composition of Silicomangancse (FOCT 4756-49) 


Orafle 

1 Chemical composition, % 

Si j 

Mn. 

min- 

imum 

° 1 

P 

Maximum 

Chmh 20 

20.0 .and over 

65.0 1 

1.0 

0.1 

Ghmii 17 

17.0-19.9 

65.0 

1.7 

0.1 

Ghmh 14 

14.0-16.9 

60.0 

2..'i 

0.2 


Physicochemical Properties of Manganese 

Manganese Mn is an element of the scvenlh group of tlie Mende- 
leyev Periodic System of Elements. 

The earth’s crust contains 0.090% Mn which is twelfth as to its 
occurrence among the elements. 

Manganese is not found in elementary state in nature and occurs 
only in the form of compounds with other elements; these are mainly 
oxides, carbonates and silicates. 

Pure manganese is a brittle silvery-white metal with the follo\^- 
ing physical properties: 

Atomic weight 54.93 

Specific gravity 7.2 

Mcltiug point, ‘'G 1244 

Boiling point, ^0 2150 

Valence From 2 to 6 

Manganese possesses a strong affinity to oxygen and sulphur. 

Iron and manganese are soluble in all proportions in solid as 
well as in liquid state. Manganese does not give any cbemical 
compounds with iron. 

Manganese combines with carbon to give a stable carbide MriaC. 
Manganese carbide and liquid manganese are soluble in all proportions. 

Together \^ith silicon manganese forms several silicides: Mn^Si, 
MnSi, MiL^Sig; the most stable among these is MnSi. Silicides of 
manganese arc stabler compounds than manganese carbide, since 
the heat of formation of manganese silicido (MnSi) from elements 
is 14,000 cal while that for manganese carbide (MiigC) is 3,600 cal. 
Silicon, therefore, displaces carbon in its manganese compounds and 
gives birth to manganese silicide. The higher the silicon cojitent 
in the alloy the lower the carbon content. 

Fig. 71 shows the relationship between tlie amounts of silicon 
and carbon in silicomanganese. Manganese forms four compounds 




Silicon content, % (weight) 

Fig. 71. Relationship between the carbon content in silicoinanganeso 
and the silicon content 


^ith oxygen: manganese monoxide — MuO, manganese protoxide — 
MM3O4, manganese oxide— Mn203 and manganese dioxide— MnOa. 

The formation of these oxides is accompanied by the generation 
of large amount of heat: 

Mn + 0.2 = MnOo + 125,000 cal; 

^/g Mn + 0-2 = ^/g MngOg 4- 155,000 cal; 

Mn + 0-2 ” V2Mn304 + 166,000 cal; 

2Mn + Oa - 2MnO + 185,000 cal. 

MnOa is a black amphoteric oxide; the remaining oxides are ba- 
sic: MriaOg is blackish brown, Mn304 is dark-red. 

The stablest oxide is manganese monoxide MnO which is deep 
green in colour. 

Raw Materials for the Smelting of Ferromanganese 

Manganese ores. The Soviet Union accounts for more than 50% 
of the world reserves of manganese ores. The largest deposits of these 
ores are in the Ghiatiira area in the Caucasus and the Nikopol area 
in the Ukraine. 

It should be stressed that manganese ores are one of the chief 
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sources of raw materials used in metallurgy. Over 90% of world 
manganese ore output goes to the metallurgical industry. 

Considerable deposits of manganese ores have been discovered 
in the last 15-17 years in the Urals, Siberia and Kazakhstan. 

Among the industrial deposits of the Urals are the Polunochnoyo, 
the Marsiaty and the Berezovsky group. In West Siberia the largest 
deposits are the Ussinskoye and the Maziilsky. 

In Kazakhstan there is a group of Central Kazakhstan deposits 
which comprise the Atasuisky and the 13jezdi deposits. 

In the Far East surveyed deposits include iron-manganese ores 
at Khingan. 

The ores in the eastern parts of the U.S.S.R. are considerably 
inferior to the Chiatura and Nikopol ores. 

The main manganese minerals are pyroliisite MnOa— a mineral 
black in colour; inaiiganitc MiuOg- HjjO— grey steel in colour; psi- 
lomclane (MnO, BaO, CaO, Mg0)Mn02*nH20-' light steel in colour; 
hausmanite MngO. — brown-black; braunite MuaOg — brown-black, etc. 

The chemical composition of ores and concentrates from the 
principal manganese deposits is given in Table 24. Considerable 
importance is attached to the assay of phosphorus in the ore, as 
phosphorus to a great extent reverts to the alloy and worsens its 
grade. • 

In ferromanganese manufacture the ores should l)e up to the 
following specifications: firstly, the manganese content in the 
ore should not bo below 47% (productivity of the furnace and man- 
ganese recovery rise while specific power consumption drops with 
manganese assay increase in the ore); secondly, the Mn to Fe ratio 
should be higher than 8; thirdly, the silica (SiOg) content in the 
ore should not be above 11%, otherwise manganese slag losses, spe- 
cific power consumption and slag fall increase, while furnace effi- 
ciency drops. 

Ores with a high silica (SiOg) content may be used for tlie manu- 
facture of silicomanganese. 

Ordinary manganese ores are used for smelting metallic man- 
ganese in electric furnaces, while only very rich and pure uncontam- 
inated manganese ores may be used for the aluminotliermic method. 

Fine metallurgical coke and coal are used as reducers in smelting 
carbon ferromanganese and silicomanganese. 

Quartzites are used in the mixture to ensure a standard silicon 
content in silicomanganese. 

To avoid slag increase the reducer should be low in ash content. 

Silicomanganese is used as a reducer in the production of low- 
carbon grades of ferromanganese. 

Iron chips are added to the mixture when carbon-bearing ferro- 
manganese is smelted by a flux-free method. 
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fOiicentrale . . 21-24 0 . 17 - 0 . 2 .^ 12 - 16 . 015 . 0 - 8.0 - 12-14 
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Production of Carbon-Bearing Ferromanganese 

The production of carbon-bearing ferromanganese is a continuous 
slagging process. 

Carbon-bearing ferromanganese is smelted in electric furnaces 
rated 7,500-13,500 kVA with transformer secondary voltage being 
approximately 120-135 V. 

The oxides of iron, manganese, silicon, phosphorus, etc., contained 
in the ore are reduced by coke carbon in smelting carbon-bearing 
ferromanganese in electric furnaces. 

The reduction of these oxides is attended by evolution of gases 
at the furnace-top. 

Higher oxides of manganese ores, introduced ijito the furnace, decom- 
pose with the evolution of oxygen at the low temperature of 430 °C: 

4Mn()2— > 2 Mn 203 -f Og , 

while manganese oxide decomposes at 950“C, according to the reac- 
tion 

OMiioOa— >4Mn3()4 . 

Mn304 is reduced by carbon monoxide to manganese protoxide 
by the reaction 

MH3O4 -I- CO = 3MnO 4- CO2. 

Consequently, manganese ore reaches the high-temperature zone 
as manganese protoxide. 

The reduction of manganosc protoxide by fixed carbon proceeds 
according to the reaction 

MnO;4- CJ- Mn, + CO. 

This reaction takes place ^t about 1430°C. 

At lower temperatures the reduction of manganese protoxide may 
be accompanied by the formation of manganese carbide, according 
to the reaction 

3MnO -f:4C - Mnfi 3GO . 

Manganese carbide obtained is reverted to the alloy. The latter’s 
melting point is approximately 1250°C. 

At these temperatures the conditions for the reduction of silica 
contained in the manganese ores are unfavourable and a consider- 
able portion of it reverts to the slag along with the oxides of alu- 
minium, calcium and magnesium. 

Silicates MnO-SiOa and 2Mn«Si02, generated in the furnace, re- 
vert to the slag and hamper the reduction of manganese protoxide. 

A flux — lime— is added to the mixture to cut manganese slag 
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losses. In this case manganese protoxide is .freed from the silicates 
according to the following reactions: 

MiiO.SiOg + CaO - CaO.SiO., + MnO, 

MnO . SiOa + 2GaO - 2CaO ■ SiOg -f- MnO , 
and may be reduced by carbon. 

When smelting carbon-bcariiig ferromanganese, phosphorus pen- 
toxide is readily reduced and reverts to the alloy, thus sharply wor- 
sening the latter’s quality (about 65% of ore phosphorus is recovered 
in the alloy). 

Carbon-bearing ferromanganese is manufactured by a flux-free 
method in order to obtain rich slags with a low-phosphorus content. 

The advantages of the flux-free method are the following: 

1) slags of the flux-free method of smelting are more fluid thar» 
those of fluxed heats; 

2) amount of waste gases drops with the flux-free method; 

3) production of carbon-bearing ferromanganese without the 
use of fluxes permits appreciably to increase furnace productivity 
and to lower specific power consumption from 3,600 kWh to 2,600- 
2,800 kWh; 

4) subsequent use of rich slags permits to attain an over-all 
manganese recovery of 81-83% instead of 80% as is the case of 
the fluxing method; 

5) slags, obtained through the flux-free smelting of carbon- 
bearing ferromanganese, carry a considerable amount of manganese 
(38-42%) and the negligible amount of phosphorus (0.015-0.030%), 
this permitting to use them as metallurgical raw materials instead 
of manganese ores in the smelting of low-carbon manganese alloys. 

The slags possess a number of advantages over the manganese ore: 

a) manganese occurs in the ore in the form of manganese dioxide, 
w'hile in the slag it is in the form of protoxide; this makes it possible 
to use a lesser amount of reducers; 

b) low phosphorus content in the slag (0.015-0.030% against 0.14- 
0.18% and more in the ore) ensures a sharp decrease in phosphorus 
in the alloys produced from slags. 

When carbon-bearing ferromanganese is smelted by the flux- 
free method, the mixture is composed of manganese ore, metallurg- 
ical fine coke and iron chips. 

Carbon-bearing ferromanganese is smelted with a secondary volt- 
age of 120-135 V and a current density at the electrodes equal to 
4-4.5 A/cm^; this ensures lower manganese evaporation losses 
from localised hot-spots. 

Furnaces smelting carbon-bearing ferromanganese are lined 
like those smelting ferrosilicon. 

The descent of the charge has a serious effect on the smelting 



Manganese Alloys 


143 


procedure; therefore, it is necessary to ensure a uniform burden 
movement over the whole furnace area; this is achieved by timely 
raking of the mixture onto the electrodes. 

In carbon-bearing ferromanganese smelting a mixture batch 
consists of approximately 300 kg of manganese ore, 75 to 90 kg of 
fine coke and 15 to 20 kg of iron chips. For better furnace operation 
and adequate mixing of charge materials, coke is weighed first, 
manganese ore next and iron chips last. 

As soon as the mixture sinks close to the electrodes, new portions 
of materials are fed to the furnace; the mixture is conveyed from 
furnace bins through chutes onto the furnace-top; after that the 
materials are heaped by rabblers (around the electrodes) in the 
form of cones rising 300-400 mm over the furnace-top level. 

Normal furnace operation is characterised by the presence of 
constant charge cones around the electrodes; this ensures uniform 
evolution of gases over the entire charge surface, deep and stable 
positioning of electrodes in the mixture (1,200-1,500 mm), col- 
lapse-free burden descent, correspondence of the alloy and slag 
content to charge calculations, and easy tapping. 

If the furnace works normally, the charge reaches the high-temper- 
ature zone well prepared and heated. 

When the charge hangs on to the electrodes, there is a possibility 
of collapses with subsequent ejection of red-liot mixture and slag. 
High-temperature blow-outs (about 1000 °C) which occur simultane- 
ously may cause the breakdown of mecJianical equipment as well as 
considerable manganese evaporation. Therefore, the sintered sections 
of the furnace-top should be poked by iron rabblers or poles, while 
the mixture hanging onto the electrodes should be pushed down. 

Deviation from normal operating conditions may be caused by 
lack or excess of reducing agent in the mixture. 

In the former case the alloy has low-silicon and high-phosphorus 
content, the electrodes are positioned excessively deep, power input 
at the electrodes fluctuates, manganese slag losses increase, furnace 
productivity falls and specific power consumption rises. 

Lack of reducer may lead to the destruction of the furnace lining, 
especially in the taphole zone. 

To set the furnace right raw-material proportioning (ore and fine 
coke) and the size of the reducer should be checked, additional 
amounts of reducer charged and, if necessary, coke weight per 
charge portion increased. 

When a furnace operates with an excess of reducer, heat losses 
rise (for the electrodes are shallow) and evaporation of manganese 
increases. The silicon content in the alloy goes up. I^i tfiis case, 
the size and accuracy of coke weighing should also be checked and 
manganese ore should, if necessary, be charged onto the electrodes. 
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In all cases of furnace trouble technological procedures at the 
furnace-top should be intensified. 

In the production of carbon-bearing ferromanganese slag and metal 
are tapped out simultaneously through the same tapholo six times 
per shift. 

Metal is tapped into a dried ladle lined with firebrick. The alloy 
remains in the ladle while slag is lip-poured into cast-iron moulds 
arranged alongside it. 

The taphole is cleared of slag following the^tapping and is then 
packed as much as possible with fireclay. The ladle with the alloy 
is transported by a crane to the pouring side. If some slag remains 
in the ladle it is poured out; after that the alloy is teemed into 
whitened cast-iron moulds. An alloy sample^is taken in the middle 
of the teeming operation to be analysed for manganese, silicon and 
phosphorus content. 

After an hour or an hour and a half ferromanganese ingots are 
extracted from the moulds and sent to the finished-products floor 
where they are dressed, cleared, of slag and shipped to customers. 

Some smelters use the method of cascade teeming (Fig. 72) of 
carbon ferromanganese, but it complicates the subsequent dressing 
of the alloy due to slag contamination and subsequent alloy losses. 

Raw-material, electrode and power consumption per basic ton 
of alloy (76% Mn) as well as the recovery of Mn from ore in the 
smelting of carbon FeMn by the flux-free method average: 


Manganese ore (48% MaJ, kg 2,600-2,620 

Fine coke, sized, dry, kg 460-480 

Iron chips, kg 95-120 

Anode paste, kg 18-23 

Electric power, kWh . 2,600-2,800 

Recovery of manganese, % 59-61 


Furnace crews should concentrate on bringing down per ton losses 
of manganese and power consumption, as the raw materials and 
power are the highest cost items in the production of carbon ferro- 
manganese. 

It is possible to improve operating results in carbon ferromanga- 
nese smelting by using closed-top electric furnaces which bring 
down the cost price of the alloy and improve working conditions 
for furnace operators. 

Smelting of Silicomanganese 

SilicomanganesG is widely used in metallurgy as a complex re- 
ducer and an alloying addition in the smelting of various grades 
of steel. Moreover, silicomanganese goes for the production of refined 
grades of ferromanganese. 
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Fi<y. 72. Cascade teeming of feironianganesc 
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The chemical composition of silicomangaiiese according to FOGT 
4756-49 is listed in Table 23. 

Silicides of manganese are stabler compounds than manganese 
carbides; therefore, the higher the silicon content in silicomanga- 
ne.se the lower is its carbon content. 

A‘20% silicomanganese (Chmh 20) is used for the manufacture 
of medium-carbon ferromanganese; a silicomanganese with approx- 
imately 30% of silicon is smelted for the manufacture of metallic 
manganese. 

Silicomanganese can be produced by the following methods: 

1) reduction of quartzite silica by coke carbon with the addition 
of manganese into the mixture (in the form of carbon Ferromanga- 
nese); 

2) simultaneous reduction of silica and manganese monoxide by 
the coke carbon contained in a mixture composed of quartzite and 
manganese-bearing slag. 

The second method is more advantageous, as in this case silico- 
manganesc is obtained by the simultaneous reduction of silica 
and manganese in the same apparatus, and that is more economical. 
Reduction from higher oxides to manganese monoxide proceeds 
along the same iiattcrn as in the manufacture oF carbon ferromanga- 
nese, i.e., 

Mn02 -> MnaOa Mn 304 MnO . 

Silicomanganese is usually manufactured by a cojitiniious proc- 
ess in closed-top furnaces with deep penetratioji of the elec- 
trodes. 

The upper layers of the mixture are heated by the escaping gases, 
evolving in the lower levels of the furnace. The furnace-top, there- 
fore, is cold and losses through radiation are negligible; evapora- 
tion of manganese is also negligible. Silicomanganese with 20 to 
25% silicon is easily obtained by this method. 

Difficulties arise when the second method is used for the manu- 
facture of alloys with a higher silicon content (over 25%). They arc 
due to the fact that the silicon content in the slag goes up wdth the 
increase in the silicon content of the alloy, thus raising the viscos- 
ity of the slag and rendering its tapping difficult. It should be point- 
ed out that these difficulties have been overcome by smelting the 
alloy in small furnaces with higher slag basicity and by introducing 
small amounts of fluorspar into the mixture. 

The technology of smelting silicomanganese is described in the 
section “Production of Metallic Manganese”. 

Silicomanganese used for smelting refined ferromanganese is at 
present manufactured from a mixture composed of rich manganese- 
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bearing slag, quartzite, manganese ore, fine col<e and iron clii()s. 
Tlie introduction of manganese slag into the mixture permits 
the manufacture of silicomanganese with a minimum phosphorus 
content. 

The charge has approximately the following composition, kg: 


CiiMn W r.iiMii 17 Miiii 20 


R i( U m a 1 1 ga 1 1 - bcai‘i iig 

slag (40% iMn, 30% SiO,) — 300 

Mangaiirso ore (4cS% Mn) 300 1 00 

Quartzite SiO 2 ) SO So 

Fine coke (flry) 03 00 

Iron chips IG 3() 


Prior to being used rich inanganese-heariiig slag containing 
38-44% Mn and 0.01 3-0. 030% P is crushed into jiioces maximum 
30 mm in size. 

Manganese ore may he used for the mannfacl ui'e of silic-omangu - 
iieso with a high silicon content. The ore assays 48 Mn and 0.14- 
0.1G% P. 

Quartzites should contain minimum OG'N) SiO., and ma.viminn 
0.012 % P; it is used in lumps not iii excess of 00 mm; tines of less 
than 10 mm are screened out. 

Silicomaugaiiese of the Gumh 14-20 grades is smelted in 7,000- 
10,000 kV^\ furnaces. 

Burden charging and furnace-top operation are similar to those 
in the mannfacliiro of carbon ferromanganese. 

There is approximately 0. 5-0.0 tojis of slag per ton ()1 alloy; 
slag composition is: 16-18% MiiO, 42-43% SiO^, 8 12% CaO, 1112% 
Al,()j, 1.0-1. 5% FeO and up to 1.5% MgO. 

Alloy and slag arc tapped out simultaneously, three to four limes 
per shift. 

Silicomanganese is tapped out into a dry ladle lined with lire- 
hrick, and is then teemed into massive whiteued moulds. 

Each heat*of silicomanganese is analysed for mangajiesc, silicon, 
carbon and phosphorus content. 

Following solidification (after a lapse of approximately 1-1 /.^ 
hours) silicomanganese ingots are extracted from the moulds and 
conveyed to a iinished-producls’ floor where tlioy are crushed, 
cleared of slag, assoinidcul into l•alches ol similar analysis and 
shipped to consumers. 

Baw-maleria I , eh'ctrode and j)ower consumplioji and tlu’i recovery 
of majigajiesc in I lie production of silicomanganese are given in 
Table 23. 


10 * 
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Table 25 


Raw-Material, Electrode and Power Consumption per Basic Ton 
of Alioy and Recovery of Manganese in the Smeiting of Siiicomanganese 


Malci'ials (.‘onsumcfl 

Chmh 14 

CiiMir 17 and ::!0 

lUcb niaagancsc-lK'iiriug slag (40% Mm). Ug ... 


i ,440-1,500 

Mniigaiioso ore (48% Mn), l<g 

l,9rK)-2,050 

600-720 

(Quartzite or clj.’ikedony, kg 

450-520 

4.30-480 

I' ino coke, kg 

050-720 

450-490 

Iron chips, kg 

100-1(50 

70-90 

Anode paste, kg 

24-27 

25-29 

JOlcclric power, JcWli 

3,500-;3,700 

3,900-4,200 

Hecovery of manga nose, 

09-71 

69-70 


Smelting of Refined Ferromanganese 

Medium- and low-carbon ferromanganese is used for alloying 
manganese low-carbon steels. 

Medium-carbon ferromanganese may be manufactured ]>y refining 
carbon ferromanganese by mangajiese ore in an electric fumaco, 
by refining silicomangajiese from silicon and by reducing manganese 
ore and specially smelted manganese-bearing slag. 

The refining of carbon ferromanganese is described by the reac- 
tions 

Mn^C -{- MnO — 4Mii -f- CO; 

FcyC + MnO - 3Fe -f Mn -f CO. 

While I ho seeo^id reaction proceeds quite easily and completely 
at somewhat lower temperatures, the first is incomplete even at very 
high tennieratures. The experiments in the decarburalion of ferro- 
manganese by manganese ore conducted by V. A. liogolyubov have 
shown llial ferromanganese with a carbon content of at least 
2. 5-3. 5% may be obtained by this method at temperatures somewhat 
higher than 1700"G. This method is not practised at present because 
decarburation entails considerable manganese evaporation and the 
furnace lining is subject to severe operating conditions. 

Widely applied in industry today is the method of manufacturing 
refined forro manga nose by refining siiicomanganese from silicon by 
manganese ore according to the reactions 

2MnO + Si - 2Mn + SiO^; 

Mn 304 -f- 2Si Bs: 3Mn -f 2Si02. 
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Lime is added to the mixture in the smelting of refilled ferroman- 
ganese to bond the nascent silicon oxides to stable calcium sili- 
cates. Calcium oxide contained in tlie lime replaces manganese 
monoxide in its silica compounds and promotes ils fuller reduction. 

Introduction of excess lime loads to an increase in tJie amount 
of liard-to-smolt viscous slag as well as to greater evaporation of 
manganese. In practice, iherefore, lime is added only to ensure the 
CaO to SiO^ ratio within the limits of 1.1 -1.3, with I lie manganese 
monoxide content in llie slag being equal to 15 20%. 

However, optimum slag basicily in the manufacture of medium- 
carbon ferromanganese by Uie above-mentioned method has not 
yet been sufficiently investigated. 

Refined ferromanganese -is smelted in three-phase rotating and 
rocking furnaces of 2,500 kVA at 111-178 V by tJie batch process 
with the complete melt-down of the mixture'. 

The furnace is lijied with magnesite bricks. It is j'ocomrnended to 
fuse the furnace hearth witli magnesite, as the lining operating 
conditions arc very severe due to the high-riiiuiing (jnalitios of metal 
and slag. 

First-grade ore with 49-53% Mn and 0.14-0.10% P is used to re- 
fine silicomanganose; silicomangancse used in the manufacture of 
ferromanganese should contain 0.70-0.90% C (grade Mill) and up 
to 1.4% C (grade Mii2). The silicon content in silicomanganese 
equals 18-22%, phosphorus should come to 0.1% and the size of the 
lumj)s should not exceed 30 mni. Lime should be hard-burned and 
in lumps not in excess of 80 mm; calcium and phosphorus should 
average at least 90% and maximum 0.1% respectively. 

Silicomanganese richer in silicon (approx. 30‘:'o) and poorer in carbon 
(approx. 0.2-0.3%) should bo used in the manufacture of low- carbon 
ferromanganese grade MnO, containing less than 0.5% of carbon. 
As a rule, this alloy is replaced in steel smelting by medium-carbon 
ferromanganese and metallic manganese because it is difficult to 
manufacture it. 

The composition of the mixture depends on the content of the raw 
materials used. The burden for a single heat consists approximately 
of the following components: manganese ore —4,000 kg, silicoman- 
ganese— 3,000 kg, lime — 2,300 kg. 

As soon as Ihe tapholo is packed, power is applied to the furnace, 
the electrodes arc slipped till they coni act the remaining liquid 
slag, power input at the electrodes is adjusted and charging is 
started. 

Power input should be increased gradually to prevent the metal 
remaining on the hearth from carburising. 

The non-metallic part of the mixture, especially lime, is charged 
so as to protect the furnace lining from deterioration, i.e., onto 



150 Ferroalloy Technology and Production Methods 

the walls. As the charge melts down, the materials situated at 
the walls are heaped round the electrodes. 

A sample is taken following the complete melting-down of the 
charge with a view to determining the silicon content in the alloy. 
If the analysis shows that the alloy is of standard composition, it 
is tapped. 

If the sample reveals a high silicon content, the alloy is held over 
in the furnace a little longer. When necessary, ore and lirno are 
added. The metal is tapped into a ladle filled with slag from a pre- 
ceding heat. 

The excess of slag from the first ladle flows into the second ladle 
and then into the third. The second ladle, filled with slag, is left 
over for the tapping of the next heat. 

During the tapping slag is sampled and analysed as to its SiOg, 
CaO, MgO, AI 2 O 3 and FeO content. 

wSlag contains approximately 29-32% MnO, 30-32% Si().>, 29-36% 
GaO, 0.30-1% FeO, 1. 2-2.0% AI 2 O 3 , 0.02-0.03% and 1.0- 

0.70% MgO. 

This slag is used as an addition to the burden of blast furnaces 
smelting pig iron. 

The taphole is plugged with magnesite powder paste. Medium- 
^iarbon ferromanganese is teemed into whitened moulds. During the 
teeming the metal jet is sampled and analysed as to its .mangaiieso, 
carbon and phosphorus content. 

When they have been cooled, ingots are convoyed to a finished- 
products door where they are dressed and crated by heat batches 
for shipment to customers. 

The over-all recovery of manganese from ore and rich manganese 
slag in the production of silicomanganesc and medium-carbon 
ferromanganese amounts to 48-51%. 

The main cost items in the production of medium-carbon ferro- 
manganese are the raw materials and especially the silicomanga- 
nese. Furnace teams should consequently focus attention on bring- 
ing the manganese dressing and teeming losses down, as well as on 
raising silicon recovery from silicomanganesc. 

Consumption rates of materials per basic ton of medium-carbon 
ferromanganese, as well as the recovery of manganese are as 
follows: 


Manganese ore (48% Mu), kg 1,340-1,420 

Silicomanganese, kg 950-1,050 

Lime, kg 7C0-850 

Anode paste, kg 30-34 

Power, kWh ' . . . 1,600-1,900 

Recovery of manganese, % 59-63 
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Smelting of Metallic Manganese 

Metallic manganese is obtained by three methods: by the aUirai- 
nothermic process, by the electrolysis of manganese sulphates and by 
the silicothermic (electrothcrmic) reduct ion of rich manganese slag. 

The aluminothermic method is used to produce metallic manga- 
nese grades Mp3 and Mp4 (see Table 22); metallic majiganese grades 
MpOO and MpO are oblained by the electrolytic method; metallic 
manganese grades Mpl and Mp2 are produced by the electrothermic 
method. 

The aluminothermic method for the production of metals and al- 
loys is based on the use of the chemical energy of reduction ])roc- 
esses. As established by the Russian scientist S. F. Zhemchuzhny, 
the evolution of at least 550 cal of heat per gram of the mixture 
is necessary for the autogenous flow of the process. The mixture 
for the above-mentioned method of metallic manganese majiufac- 
turc consists of manganese ore which, following roasting, should 
contain at least 57% Mn and no impurities. Secondary aluminium, 
powdered ])y means of the liquid state pulverisation process, is 
used as a reducer. Lime and fluorspar crushed into lumps less than 
3 mm are added to the mixture to bond alumina and to lower viscos- 
ity of the slag. Smelting is done in a metal shaft lined with magne- 
site powder. A portion of the mixture is spread on the bottom, 
after which the priming charge, consisting of aluminium grains 
and unburned peroxide, is prepared and finally fired. The rest of 
the mixture is fed after the reaction sets in as the mixture melts 
down; the mixture should at all times be covered with a layer of 
slag. The heat takes 45 to 50 minutes. The tapping of the heat is 
withheld for 20 minutes for metal prills to settle in the slag; the 
slag is then tapped into a slag pot and the metal monolith is cooled 
and Iransported to a platform where it is dressed; as soon as its 
manganese, carbon, silicon and phosphorus content becomes known, 
it fs packed in wooden or metal tare. 

The metal contains 91-92% Mn, 2-3% Si, 0.2-0. 5% Al, 0.38- 
0.40% P, 0.07-0.10% C, 1.7-2.0% Fe, 2.0-2.5% Ga. 

Gompositi,on of the slag: 22.0-25.0% Mn, 2.5-3% SiO.., 5-5.5% 
CaO, 70-72% ALOg* 

Consumption of materials in the case of the aluminothermic 
method per basic ton of metallic manganese (90% Mn) averages, kg: 

Peroxide (55% Mil) . . . 2,300-2,400 Fluorspar 50-55 

Secondary aluniiniuni . . 560-600 Fuel oil 500-550 

Lime 40-45 

Recovery of manganese in peroxide roasting and manganese smelt- 
ing comes to 69-71%. The metal is of poor quality because of the 
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Jiigli ])ho8phorus coiiLeut (0.45%), and for that reason the product ion 
of aluminotJiermic manganese lias lieen discontiiuied. 

The electrolytic method oC manufacturing metallic manganese 
is based on the electrolysis effect. Electrolysis is the process of 
the electric current conduction through the water solutions of salts, 
acids and alkalis, as well as through fused liquid salts, as the result 
of which certain elements and chemical compounds are deposited 
oji the electrodes immerseil in the solutions or mells. 

In the electrolysis of manganese sulphate (MnS 04 ) a thin layer 
of manganese is plated on the cathode. The metallic manganese 
stripped from the cathodes is melted in an electric induction furnace. 

Electrolytic manganese is costly duo to heavy consumption 
of expensive materials and power, and«hecause of that its produc- 
tion is for the time being limited. 

The use of the electrolytic method of manufacturing metallic 
manganese is advantageous when poor manganese ores are available. 

At present the hulk of metallic manganese is produced by the 
(dectrothermic method. This method is complicated because the 
metal should contain very little phosphorus, carbon and iron, and 
l)ecauso it calls for a multi-stage process consisting of three oper- 
ations: a) production of high-manganese extra-low phosphorus 
s?ag; h) production of rich silicomanganese; c) reduction of slag 
oxides, produced in the first operation, by silicomanganese. This 
method permits the use of high-phospboriis ores. 

Extra-low phosphorus slag rich in manganese is smelted by a 
full melt-down process in 2,000-2,500 kVA rocking three-phase 
electric furnaces with magnesite lining. 

Phosphorus is reduced almost completely when manganese ore 
is smelted with fine coke. 

Some quartzite fines are added to the mixture to raise slag fluidity 
and to promote separation of phosphorus ferromanganese prills. 

Sometimes quartzite is partly replaced by silicomanganese slag. 
The composition of the mixture for tlie production of high-manga 
nose extra-low phosphorus slag is as follows, kg: 


Manga 11 esc ore (48% Mn) 8,100 

Coke fines ' 9r)() 

Quartzite lines C5() 

Silicomanganese slag 850 


After the melt-down of the mixture the heat is held in the furnace 
for 20-25 minutes before the slag is skimmed. The alloy obtained 
in this operation is tapped once or twice a day. Its composition 
is approximately as follows: 52-64% Mn, 28-37% Fe, 0.18-0.30% 
Si, 2.50-4.00% P, 4.5-6.0 G. 

The chemical composition of the slag is approximately as fol- 
lows, % : 
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Mn 

Si02 

F<*o 

Ca( ) 

AI 2 O, 

MtrO 

J' 

67.2 

24.92 

0.20 

3.19 

3.14 

1.24 

0.018 

62.5 

26.70 

0.59 

2.. 56 

4.96 

2.20 

0.012 


Power coiisiimpLion per toii of slag .averages 1,300 kWh. 

It has been estahlishod tluit silicornangauese used in the produc- 
tion of standard metallic manganese, should contain mijiimiim ])hos- 
phorns and iron and not more than 0.0()-0.I0% C. 

The chemical composilion of tin* silicomanganese iTrodnced at 
present is as follows (according to ferrous melalliirgy specifications 
BTYMMS 4-03-58):> 28% Si; . 0.13% C; ...:0.03%'P; ^:i3.0% Fe. 

The following raw materials are nsed for the" smeltijig of 
Chmti 30/64: 

a) extra-low phosphorus* slag; 

b) crushed quartzite; 

c) fine coke; 

d) lime; 

e) fluorspar. 

Extra-low phosphorus manganese slag should contaiji at least 
47% Mn and not more I ban 0.017 ‘*0 P. Tin? lumps should not ex- 
ceed 80 mm ill size and there should he no prills of phosphorus- 
bearing metal in the slag. The size of quartzite lumps should bo 10 
to 80 mm while the Si02 content should not bo below 96% and 
phosphorus content should average 0.012 ?o. 

The size of coke lumps should lie 10 to 25 inin, its ash content less 
than 12%) and its moisture content not aliove 20 ‘‘ 0 . Lime and fluor- 
spar are used as fluidisers of acid slag. The size of lumps of lime 
is set at 10-80 mm, that of fluorspar below 50 mm. 

The approximate composition of a charge portion for the pro- 
duction of the above-mentioned silicomanganese is as follows, kg: 

Manganese nxtra-low phosphorus slag 130 


(hiarlzitc ^ 37 

Coke nuts, dry 33 

Linio 17.8 


Daily consumption of fluorspar is 120-150 kg. Melting is done by 
a continuous- process in 2,500-kVA furnaces with line voltage on 
the low side being equal to 100-111 

The mixture is charged uniformly l)y small portions all over the 
furnace area with small heaps of mixture around the electrodes. 

In normal conditions the gases should evolve uniformly all over 
the furnace-top. In the event of blow-outs the J)urden is poked with 
poles to give vent to gases. 

Electrode positioning should he steady. The penetration depth 
of the electrodes should come to at least 500-600 mm from the fur- 
nace-top level. 
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Slag and alloy should flow out of the furnace uniformly. Iticreased 
slag viscosity and difficulties in tapping are.signs of furnace trouble. 

When the slag “boils” at the electrodes the time interval before 
the next tapping should be shortened and the slag tapped out as 
fully as possible. 

To bring the reduction processes to an end, it is necessary to 
have high temperatures in the reaction zones; this is ensured by 
keeping the furnace-top closed and maintaining steady electrical 
operating conditions. 

Slag and alloy are tapped out together three times per shift into 
a steel ladle or a ladle lined with firebrick. 

It is not allowed to burn a taphole through with an iron rod. 
During tapping the eye of the taphole is poked by a slagged iron 
rod to ensure the complete evacuation of the slag. 

Tapping takes 15 to 25 minutes. 

After that the taphole is cleared of slag, packed with dry magne- 
site powder and scaled from the outside with refractory clay. 

The alloy is held off in the ladle for 40 to GO minutes lo ensure 
the surfacing of the metal. 

The alloy is teemed into well- whitened pans. 

Solidified ingots are taken out of the pan and sent to store rooms 
where they are sampled for G, Si, Mn, Fo and P. TJie waste from 
ihgot dressing is remelted. 

Silicomanganese contains approximately 28% Si, 69% Mn, 2% 
Fe, 0.05% C, 0.04% P, 0.04% Ga, 0.01% Mg, 0.04% AI. 

The slag obtained by the above-mentioned process has llO.G/o 
SiOa, 8.3% MnO, 24.0% Ah.O„ 24.8% GaO, 3.1% Mg, 0.04% P, 
0.16% FeO. 

The last process in the smelting of metallic manganese is the refin- 
ing of silicomanganese by an extra-low phosphorus manganese slag. 

The process is as follows: 

2MriO -{- ^i — 2Mn -|- SiO^ 

SiO. H- 2CaO = 2CaO SiO, 


2MnO + Si -k 2CaO = 2Mn 2GaO-SiOa- 

To increase furnace productivity and lower specific power consump- 
tion manganese slag is charged into the furnace in liquid state. 

The manganese content in the middling slag should be minimum 
47% and that of phosphorus maximum 0.017%. When solid slag 
is used its lumps should not exceed 60 mm in size. 

Silicomanganese of Ghmh 30/64 grade is crushed down to 0-30 mm. 
It is recommended to use granulated slag. 

The calcium oxide content in the lime should bo above 90%, 
that of phosphorus below 0.008%. 
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Approximate charge calculations for the smelling of metallic 
manganese are given below. 

The chemical composition of the metal is assumed to he: \) 7 % Mji, 
0.70% Si, 0.09% G, 1.8% Fo/0.05% P. 

The chemical composition of the raw materials is given in Table 2(i. 


Tnb/r 2r> 


Mixture components 

Mn 

SiO, 

FoO 

AI.O* 

CaO 


P 

Kxtra-Iow phosphorus slag (48^/, Mn) . 

50 

20 

0.17 

3.70 

2.60 

1.50 

0.015 

Lime 

— 

O.GO 

0.30 

1.16 

90.8 

1.44 

0.01 



Si 

Fo 

A1 

Ca 

Mg 


Chmti 30/64 

68 

28 

2.15 

O./iO 

0.0^1 

0.10 

0.04 


The distribution of the elements among tlic products of the process 
is shown in Table 27. 


l\ihk 27 


Element 

Jlcvertcd to (in % of over-all 
content in the mix lure) 

metal 

1 slag 

stac.k losses 

Manganese: 




siag 

42.5 

47.5 

10.0 

silicoinarigauese 

100.0 

— 

— 

Iron: 




slag 

90.0 

10.0 

— 

silicoinanganesc 

100.0 

— 


Mixture pho.sphorus 

(50.0 

30.0 

10.0 


The silicon efficiency of silicomangancse is 70%, while manga- 
nese recovery from slags comes to 42.5%. 

Let us assume that the electrode carbon has no part in the reduc- 
tion of oxides. 

The chargee is calculated for 100 bg of slag. 

The reduction of manganese monoxide to metal by the reaction 
2MnO 4- Si = 2Mn -j- Si02 
requires the following amount of oxygen: 

0.425 X 100 X 0.5 X 32 ^ o , 

no— = 

The following amount of silicon should be provided to bond oxy- 
gen (70% silicon efficiency): 
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2S 

:^2 x().7 


- 7.75 kg. 


TIio necessary ainoijnl of silicon, including the 3.0% carried over 
to tile metal, equals: 

8.0 kg 


8 0 

^ . 7 ^^ - 28.6 kg of siliconvanganese. 

Let ns calcnlalo the weight of lime. 

Amount of SiOa reverted to slag: 

a) from oxidation of silicomajigane.se: - 

7.75 = 16.7 kg; 

1)) from extra-low phos])horus slag (26% SiO.,): 

100 X 0.26 - 26.0 kg; 
amount of silica obtained: 


16.7 + 26.0 - 42.7 kg. 

Amount of bases neces.sary with slag basicity being 1.6: 

42.7 X 1.6 - 68.3 kg. 

CaO carried over to slag from extra-low phosphorus slag: 

100 X 0.026 - 2.6 kg. 

To be introduced additionally: 68.3—2.6-^65.7 kg of CaO or 

of 

Mixture composition, kg: 


Extra- low pliospboni.s slag 100 

Lime (90% GaU) . . . ' 75 

50/()4 silicomanganose 28.6 


Tlie estimate of slag composition and weight is given in Table 28. 


Table 2S 



Reverts to slag, 

kg, Jrori] 


Total 

Oxide 


1 30/64 





extra-low plioapliorua slag 

manga- 

nese 

llmo 

kg 

% 

SiO^ 

100x0.26-26 

1 

16.7 

75x0.006=-0.44 

43.14 

28.50 

Cad 

100x0.02r)--2.6 

— 

75X0.908=69.0 

71.6 

46.83 

MgO 

100x0.015-1.5 

— 

75X0.0144=1.08 

2.13 

1.33 
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Oxide 

1 Hcvei ls lo slag, 

kg, from 1 

j Total 

extra-low pliosphorus slag 

1 30/(54 
silU-o- 
iiianga- 
1 neac 

liino 

Kg 

Vo 

MilO 

100x0.5x0.475x-^r7--80.7 



30.7 

20.072 

AlnOa ' 

100x0.037^-3.7 


75x0.0116-0.87 

4 . 57 

3.00 

P 

( 1 00 X 0 . 00015 1 28 . 6 X 0 . 000 4 1 






-1-75x0. 001)X(). 3-0. 01 

— 


0.01 

0.(K)7 

EeO 

100 x 0.0017 -0.17 

— 

75x0.003-0.23 

0.40 

0.261 


152.551 lOU.OO 


TJic csliiiial e of mol a I coinposil ioji aiui woi^lil, is givoii in Table 
28a. 

Table 2Sa 


s 1 

n.nvorls to alloy. 



1 

oxlra-low^ pliosphonis slag 



Mil 

100x0.5x0.425-21.25 

Fe ] 

100X0, 0017X0. OX ;.G 

72'" ■— U.ll.) 

Si 

(' 

P 

(100x0.00015-1 28.GxO.(K)04 i 
H-75x0.001)x0.60=0.02 


silk oinMii'vancso 


28.0x0.68-11). 5 
28.0x0.0215-4), 02 
28.GxO.28x0.()()2-(l.2'i 
28.0X0. 0001) -4). 025 


To la I 

40.75 

o.7;;ii| 

0.24 

0.0251 

0.02 

’ | Vir 774 ' 


^ L-'. 


1)7 . 55 
1.79 
0.58 
0.06 
0.04 


100.00 


AmouiiL of mcLal ol)laiiK*(l (in basic weiglit): 

07 . 


41.774: 


00 


Slag lo inelal ratio: 


P)24)5 

Vl.774 


45.3 kg. 


3.66. 


Specific cojisnmptioii (per basic tt)ii of metal): 

100X1,000 


Extra-low pliospliuru.s .slag .... 


45.;^, 

0 ().() 

<,T-Xl,O00 


2,208 Kg. 


75X1,000 


SilicomangaiK'si' 

Lime (90%) 

Recovery of manganese from the mixture: 


- 645 K< 


1,020 kg. 
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900 X 100 


==^.61.0%. 


2,20cS X 0.48 + 645 X 0.64 
Mclallic maiiganose is smelted in batches in rockijig rotating fur- 
naces. The smelting comprises the following stages: 
a) lime and slag charging; 

L) power input build-up; 
c) melt-down of the lime-slag mixture; 

(1) reduction period which includes reduction of manganese mon- 
oxide (contained in the slags smelted) by silicomanganese silicon 
added to the melt. 

The slag to be smelted weighing from 0 to 7 tons is charged in 
li(iuid stale; when the slag is solid it should weigh approximately 
3.5 tons. 


When working with liquid slag it is first necessary to charge 25% 
of the weight of the lime, heaping it onto the walls and spreading 
it on the hearth (to protect the lining); following this a first portion 
of liquid slag is charged (from one ladle) and power input is gradu- 
ally increased. When I he power input has reached its normal level 
and the second portion of slag has been poured in, the remainder of 
lime is charged in accordance with the weight of slag. This method con- 
siderably speeds up the smelting procedures, decreases manganese 
evaporation losses and improves Ibe silicon efficiency as a reducer. 

At Itie beginning the smelting is effected with secondary voltage 
of 356 V. After the appearance of long electric arcs the furnace is 
changed over to 222 V. Silicomanganese is charged in several 
batches in the course of the heat; after the last portion has been fed 
the heat is held off for 15 to 20 minutes with the power oii and the 
metal and slag are then tapped out. 

Tapping is effected into an unlijied steel ladle filled with slag 
from the preceding lioat. 

Two or tliree tappings are made per shift. 

After the slag has been poured out the ladle with the metal is 
vacuumed iji a special installation to obtain a dense ingot with no 
gas cavities, as w^ell as lo cut down the amount of dressing scrap. 
Following tlie vacuum processing the metal is held off in the ladle 
to bring its temperature dowui and to solidify the slag completely; 
it is then teemed into whitened metallic moulds. 

The metallic mauganese produced by this method contains 97.1% 
Mn, 0.64% Si, 1.39% Fe, 0.052% P, 0.08% G, 0.34% Al, 0.10% Ga, 
0.36% Mg. 

The chemical composition of the slags obtained in the smelting 
of metallic manganese is as follows: 28.44% SiOa, 43.3% GaO, 
22.19% MnO, 2.13% AloO,,, 2.27% MgO, 0.46% FeO, 0.02% PA- 

Over all recovery of manganese from extra-low phosphorus slag 
and silicomanganese averages 63-64%. 



Chapter 4 

PRODUCTION OF FERROCHROME 


Use of Ferrochrome 

Ferroclirome is an alloy of cliromo and iron wiMi additions of 
carbon, silicon and sovoral oilier elements. 

As an alloying element, chrome is a coinponoiit of niimoroiis 
grades of steels and special alloys. Steels alloyed with chrome ac- 
quire valuable pliysical properties. It ijicreases si eel bardiiess, 
strength, yield point and elasticity. 

Thanks to its positive effect on mechanical, physical and chemical 
properties of steel chrome is widely used in tbe maniiractuie of 
slructnral, tool and special steels (acid- and lieat resisting, stainless)! 

Low-carbon steel with more than 12% of chrome ajid approxi- 
mately 8% of nickel is called stainless steel. 

When steel cojitains chrome and silicoji it acquires heat-resisting 
([nalities. 

Cdirome is used most as an alloying element iji combination 
with nickel (17.5-19.0% Gr and 8-11% Ni). Such a combination of 
elements gives steel acid-resisting characleristics. Alloys of the 
nichromc type possess high electric and anti-oxidation resistance 
properties and are used as edectric heating elemcnls (l)0-8('% Ni 
and 15-20% Cr). Heat-resisting sleeks containing 13-1)0% v> are 
widely used in the manufacture of gas-turbine and jet-engine 
parts. 

Chromons steels containing approximately 1% of carbon and 
1 % of chrome*are very hard and are widely used in the manufacture 
of ball and roller bearings. 

Grades of Ferrochrome 

Ferrochrome is manufactured (Table 29) in various grades for the 
alloy ijig of alloys and steels. 

Metallic chrome with specifications in accordance with FOGT 
5905-51 is used for the manufacture of steel with special physical 
properties and alloys with a low iron content (Table 30). 
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Table 29 


Composition of Ferrochrome 




s 


Si j 





s 


1 

1 i 1 




ciiiss <»r i(.‘i i() 

chiOiiK; 


G 

c 

o\v-sil- 

con 

nediun. 

ilicon 

ilicon 


s 



u 


1 









1 iiiaxiinumj 





X pOOOO 

65 

0.06 

1 .0 

1.5 


0.06 

O.O'i 

I’lxlra-low cai-boii 

A pOOO 

65 

0.07-0.10 







XpOO 

60 

0.11-0.15 



1 



1 A)W-tiUljOll 

X pO 


0.16-0.25 







Xi)0l 

60 

0.26-0.50 

1 . 5 

2.0 

3.0 

0.06 

0.04 

Mudium-carboii 

1 Xpl 



60 

0.51-1.0 







Xp2 


1. 1-2.0 

— 

2.5 

3.0 

0.10 

0.04 


X])a 


2 . 1 -4 . 0 






Carbon 

Xp4 

X p() 

65 

4. 1-6.5 

6. 6-8.0 

2.0 

a.o 

5.0 

0.07 

0.0>i 


Table SO 


Composition of Metallic Chrome 





Chemical 

composition, % 



Gra 1 

Cr. iniiii- 

IIIUIII 


Al 

Si 

Cu 

maxi mu 11 

G 

1 

P 

s , 

xo 

!)8.5 

0.6 

0.5 

0.4 

0.00 : 

0.03 1 

0.02 

0.02 

XI 

98.0 

0.8 

0.7 

0.5 

0.06 

0.05 

0.03 

0.04 

X2 

97.0 

1.2 

0.8 

0.5 

0. 1 

0.06 

0.05 

0.05 


In 30 ine cases special grades of exira-low carbon and nitrided fer- 
rochroino arc used; llie composition of these grades of ferrochrome 
is specified by FOGT 4757-49, given in Table 31. 
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Table 31 

Composition of Extra-Low Carbon and Nitrided Ferrochrome 
and Chrome Aluminium Alloy 


Class of feiTocliroinc 

Grade 



Clieinlcal composition, •; 



Or, 

itiinl- 

iiiuin 

C 1 

- 1 

A1 

P 1 

s 1 

1 

1 N. 

minimum 

j maximum | 

Kxlra-low carbon 

Xf)u 1 

70.0 

0.04 

0.08 

0.0 

0.02 

0.3 




Xpo 2 

70.0 

0.04 

1.0 

0.7 

o.od 

,0.3 


Nitrided 

Xpnl 

70.0 

0.0.5 

1.0 

0.7 

0.03 

0.03 

0.00 

Chrome alum in- I 



i * 

1.0 1 

111 ini mum 




iiim alloy 

XA.JI 

60.0 

0.04 

1 1 

10.0 

0.02 

0.03 

— 


Here is liow the various grades of ferrochrome are used iji the man- 
ufacture of alloyed steels; 

XpOOOO— for the manufacture of high-cliromo heal resisting steels 
and soft stainless steels with carbon below 0.07%; 

XpOOO — for the manufacture of high-chrome heat-resisting steels 
with up to 0.20% carbon, as well as for stainless ami acid-resisting 
steels; 

XpOO — for the manufacture of acid-resisting stainless steels with 
carbon up to 0.3% and several grades of low-carbon chromi- 
um-tungslcji steel; 

XpO — for the manufacture of cliromous stainless steels; 

XpOl and Xpl — for the manufacture of low-carbon structural 
steels; 

Xp2 and Xp3 — for the manufacture of structural and chromous 
tool steels with carbon content up to 0.50%; 

Xp4 and Xp6 — for the nfanufacture of all grades of chromous 
steels with a high carbon content (tool steels). 

Physicochemical Properties of Chrome 

Chrome (Gr) is an element of the sixth group of the D. I. Men- 
deleyev Periodic System of Elements. 

Mean chrome content in the earth’s crust comes to 0.02%. 

As an element, chrome was discovered in 1797 simultaneously 
by Vauquelin and Klaproth. 

Pure chrome was obtained for the first time in 1854 by the electrol- 
ysis of aqueous solutions of brome chloride. In 1908 a metal con- 
taining 99.9% Gr was obtained by the reduction of chrome oxide 
by hydrogen. 

11—1456 
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Ferrochrome was obtained for the first timQ in 1820, while carbon- 
bearing ferrochrome with 60% Cr and 6% G Was produced in an elec- 
tric furnace in 1893. Low-carbon ferrochrome and metallic chrome 
were initially obtained by the aluminotlicrmic method. 

Pure chrome is a grey lustrous metal. 

Chrome possesses the following physicochemical properties: 


Atomic weight 52.01 

Specific gravity at 20'''G, g/cm^ 7.19 

Valence 2; 3; 6 

jMoUiiig point, °G 1930 

Boiling point, °G 2470 

Specific heat capacity at 25®G, cal/°G 0.12 


Chrome and iron are soluble in all pirpportions in liquid as well 
as in solid states. 

Together with car])on chrome forms stal)le carbides: Cr^C with 
a melting point of 1520'’C and 5.46% C; Cr^C^ with a melting point 
of 1780°C and 9.01% C; Gr.^Gg with a melting point of 1895“G and 
13.34% G. 

Carbon ferrochrome contains a double carbide (Gr, Fe) 7 G 3 . Low- 
carbon and extra-low carbon grades of ferrochrome also contain 
carbon in the form of double carbide (Cr, Fc) 4 C. There also is a dou- 
ble carbide (Cr, Fe) 3 G in tlie Gr-Fe-G system. 

" With silicon chrome forms silicides of chrome: Gi-gSi with a melt- 
ing point of 1710 ’G, GrgSio, GrSig with a melting point of ISSO^'G 
and the most stable silicide GrSi with a melting point of 1545°G. 

Chrome gives three oxides with oxygen. Basic oxide GrO (chrome 
monoxide) is unstable in the air and turns rapidly to CroOg. 

Amphoteric oxide Gi’gOg, or chrome oxide, is lustrous-green in 
colour; its specific gravity is 5.21 g/cm^ and its melting point is 
2275°G. 

Acid oxide GrOg (chromic anhydride) is crimson in colour, has 
a specific gravity of 2.7 g/cm^ and a melting point of 196°G. Chro- 
mic anhydride decomposes entirely at 240X with the formation 
of chrome oxide Cr^O^. 

Raw Materials for the Smelting of Ferrochrome 

The following materials are used to smelt various grades of ferro- 
chrome in electric furnaces: chrome ores, reducers (fine coke and 
ferrochrome silicon), fluxes (quartzite and lime). 

Chrome ores, whose main chrome-bearing components are the 
chrome-spinels (Mg, Fe) (Cr, Al, Fc) 204 , containing from 48 to 62% of 
GrgOg and the rest being ganguc formed by AlgOg, FeO, MgO, etc., are 
used industrially. The presence of gangue affects the composition 
of chrome ores: it changes the- chrome oxide content in the miner- 
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al as well as the chrome oxide to iron monoxide ratio— the main 
factors of chrome ore quality. 

Since iron monoxide is always more readily reduced than chrome 
oxide, iron is wholly reverted to the alloy wlien clirome is reduced. 

Although chrome ore deposits are widespread, only a limited num- 
ber are of industrial interest. 

The Soviet Union has extremely rich reserves of chrome ores, 
particularly in Kazakhstan and the Urals, wliere their mining is 
concentrated. 

Ores from the Ural deposits (the most important is the Saranov- 
sky deposit) have a somewhat lower chrome oxidd content (20- 
40%), as well as a negligible CrgO., to FeO ratio, and because of 
that they are not used at j^'esent for the smelting of ferroalloys. 

The ferroalloy industry uses chrome ores of tlie Donskoye depos- 
it which was discovered near Aktyubinsk (tbo Kazakh S.S.R.) in 1930. 

The chrome ores of tlie Donskoye deposit consist of chrome spi- 
nels (of constant composition) and its gangne is composed mainly 
of serpentine. 

The approximate composition of Donskoye ore clirome spinels 
is as follows: 61% Cr^Og, 15% FeO, 14.2% JUgO, 9.8% 

The brownish colour is imparted to the ore by iron ochres. The 
chrome ores of the Donskoye deposit vary widely as to their chem- 
ical composition and physical state. The approximate coinjiosition 
of the ores is as follows: 44-62% CroOg, 12-1 8 iron oxides (eval- 
uated in FeO), 0.5-10% SiOg, 11-20% MgO, 6-13% Al^Og. 

The ores of the Donskoye deposit generally ])ossess a higli CrgOg 
to FeO ratio, exceeding 3.0; this permits smelting ferrochrome con- 
taining more than 70% Gr. 

By their physical state the Donskoye ores are subdivided into 
lumpy, loose fragmental, friable and powder-like ores. Ochre ore 
with a high iron content permits obtaining foundry ferrochrome 
with more than 2. 5-3.0% of silicon and 61-62% of chrome. Ores 
with 10% SiOg cannot be used for the manufacture of foundry fer- 
rochrome because of their low melting point, which leads to the 
disintegration of the burden and to furnace trouble. For this reason 
the ore, used for the smelting of grade Xp4 and XpO ferrochrome 
should not contain more than 5% of silica. 

Ores used for the production of refined ferrochrome by the silico- 
thermic method should have the minimum possible SiOg content 
for otherwise additional quantities of fluxes have to be provided 
and that entails additional losses of chrome and electric energy. 
The iron oxide content should be at the minimum too, since a high 
FeO content leads to unwarranted consumption of high-cost reducer 
(ferrochrome silicon) and damages furnace lining. 

According to the ferrous metallurgy chrome ore speciheations 


11 * 
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HMTy 5775-57, ores intended for the manufacture of ferroalloys 
must meet the requirements (as to chemical composition aud 
physical state) listed in Table 32. 


Table 32 


Data 


Grades 


AX-i 

AX-2 I 

AX-3 

Content, %: 

Cr^Oa, minimum 

52 

50 

45 

Si 02 , maximum 

5 

8 

10 

P moan, i)Cr shipping hatch 

0.02 

0.02 

0.02 

P in a hatch, maximum k 

0.03 

0.03 

0.03 

^**203 

ratio, minimum 

3.2 

3.0 

2.7 

Size of lumps, mm 

10 300 

0-300 

0-300 

Fines 0-10 mm maximum, % 

15 




There should be no carbon-bearing materials in the chrome 
ore. The permissible weight of gangue is 1.2% of the total. 

Chrome ore is delivered in batches which should be composed 
of similar grades of ore. The weight of one batch should not exceed 
240 tons. 

Fine coke, whose characteristics were given in the description of 
ferrosilicon-smeltijig process, is used as a reducer in the production 
of carbon and foundry ferrochrome. 

Ferrochrome silicon described below is used as a reducer when 
smelting other grades of ferrochrome. 

The fluxing material used in the manufacture of refined ferro- 
chrome is lime. It should be well burned and contain at least 
90% GaO and below 0.025% P. The lumps of lime should not exceed 
80 mm in size. Hydrated lime is not to be used. 

Quartzites are used as a fluxing material when smelting carbon 
grades of ferrochrome. The composition and characteristics of quartz- 
ites were described in the chapter “Production of Silicon Alloys”. 

Production of Foundry and Carbon Ferrochrome 

Chrome ore is used for the manufacture of carbon ferrochrome; 
oxides contained in the ore are reduced by carbon reducers (fine coke). 

Chrome oxide is reduced by carbon at 1230°G with heat absorp- 
tion according to the reaction 

CraOg -f 3G - 2Cr + 3GO. 
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Stable carbides are formed in tlie reduction of chrome oxide by 
carbon at llOOX according to the reaction 

CrA + C = % Cr.Ca -f 3CO. 

The reduction of iron monoxide proceeds according lo the reaction 

FeO -f C = Fe + CO. 

Iron reduced from ore promotes the reduction of chrome, since 
chrome carbides, which appear in the latter process, dissolve in 
iron with the formation of double carbides (Cr, Fe) 7 C 3 . 

The melting point of commercial carbon ferrochrome is about 
1500°C. 

Although the temperatures of the reduction processes of chrome 
and iron oxides are relatively low, the smelting of carbon ferro- 
chromo is practically effected at 1 050-1 750 ""C; this ensures sufficient 
slag and alloy fluidity and satisfactory slag-alloy separation. 

The choice of slag composition is an important part in carbon 
forrochrome-smelting technology. The composition and melting point 
of the slag depend almost entirely on ti)e composition of chrome 
ore gangue. The main slag components in carbon f(*rrochrome smelt- 
ing are silica SiO^, magnesium oxide MgO and alumina AlgOg. 

The composition of slags in the smelting of carbon grades of fer- 
rochrome is approximately as follows, ?(>: 

SiOs MgO AJaOa CflO KoO CraOj 

25-32 32-38 27-30 1-1 t-2 3-6 

27-33 28-35 25-30 M 1-2 3-G 

The chemical composition of the alloy produced is as follows, %: 

C Cr Si 


Xp4 5.3 71 0.7 

XpG 7.2 GO 1.8 


Partial refining of alloy from carbon by chrome oxide according 
to the reaction: Cr^Cg l CrgO, ^^OGr-f 3CO is effected in the process 
of smelting of grade Xp4 carbon ferrochrome. 

This process is possible only at high temperatures and with ele- 
vated concentrations of chrome oxide in the reaction zone. Conse- 
quently, the smelting process is effected in the presence of hard-to- 
fuse slags which are formed when hard-to-reducc lumps of rich ores 
are used. 

Alloys are partially refined due to the formation of the so-called 
ore layer at the slag-alloy interface. This layer is met with when 
certain grades of ores with hard-to-fuse gangue are used. When the 
alloy and slag are tapped, the layer remains in the furnace because 
it is quite viscous. Drops of alloy trickle down through the layer 
and are partly refined from carbon. 


Xp4 

Xp6 
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Unlike carbon fcrroclirome, foundry fcrroclirome has a low chrome 
content (00-65%) and an elevated silicon content (average 2-3%). 
Its carbon content is not specified and this may cause an excess 
of silica and reducer in the mixture. Such an alloy assay permits 
to use low-quality ores (grades J(,X-3), chrome-bearing slags (25- 
30 % CraOg) and tailings of ferrochrome and ferrosilicon smelting. 

The higli temperatures of the process ensure the reduction of sil- 
icon in addition to that of iron and chrome. The amount of silicon 
reduced depends on the presence of silica in the slag and reducer 
excess in the mixture. 

Slags obtained in the smelting of foundry ferrochrome contain 
approximately 31-37 % SiOg, 23-31% MgO, 29-36% AlgOg, 2-3% GaO, 
3-5% GraOg, 1-2% FeO. 

The chemical composition of foundry ferrochrome is approxi- 
mately as follows: 7. 5-8. 5% C, 59-64% Gr, 0.5-4.0% Si. 

Quartzites are added to the mixture to provide the necessary 
amount of silica in smelting both carbon and foundry ferrochrome. 

A simplified method of charge calculations for the smelting of 
grade Xp6 carbon ferrochrome is given below. 

Charge Calculations 

Initial data: 


Uoduction of chrome oxide in the ore, % . . . . 90 

Rcduclion of iron oxides in the ore, % 95 

Carbon coiitont in tlic alloy, % 7 

Silicon content in the alloy, % 1.5 


The amount of fixed carbon in the mixture exceeds the stoichio 
metric amount by 25%. 

The SiO .2 content in the slag (a.ssuming that the slag is composed 
of three components only) comes to 30%. 

The composition of the ore (Aktyubinsk deposit) is as follows 
54.0% Gr., 03 , 15.6% FeO, 13.6% MgO, 10.0% Ab^Og, 4.5% SiO^ 

The reducer — fine coke — contains 87 of fixed carbon. Quartzite 
containing 97% SiOg, serves as a flux. 

The charge calculation is made for one portion of the mixture 
(500 kg of moist or 475 kg of dry Aktyubinsk ore): 

amount of chrome reduced by the reaction 

GraOg -{- 3C - 2Cr 3GO; 

475 X 0.54^X 0.90 X KV* ^ 

amount of iron reduced by the reaction 
FeO + G = Fe + GO: 
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475 X 0.156 X 0.05 X 56 
72 


- 54.8 kg. 


Chrome and iron total: 158 [- 54.8—212.8 kg. 

The chrome and iron content in the alloy (the sum of carbon and 
silicon is subtracted) averages: 100— (7-l-1.5)^-^91.5% . 

The amount of alloy obtained: ^-^ — 232.0 kg; the amount of 

silicon in it: 232.6x0.015=^3.5 kg. 

Amount of carbon necessary: 

for the reduction of chrome oxide according to the reaction 


Ci'aOa + 3G - 2Gr + 3GO: 


158 X 36 
i()4 


54.7 kg; 


for the reduction of iron monoxide according to the reaction 
FeO -I C Fe -f CO: 


117 kg: 

for the reduction of silicon oxide according to the reaction 
Si02 d- 2G Si + 2CO: 

3.5 X 21 


28 


-- 3.0 kg; 


for the cajbonisation of the alloy: 

232.6 X 0.07 = 15.3 kg. 


Total amount of carbon necessary: 

54.7 4 11.7 + 3.0 + 15.3 - 84.7 kg. 

Amount of fine coke necessary (including the 25% excess): 


84.7 X 1.25 
~ 0.87 


= 121.7 kg. 


Let us cafculatc the nece.ssary amount of quartzite (x being the 
amount of quartzite). 

Introduced with the ore: 


AI2O3 475 X 0.10^47.5 kg 

MgO 475 X 0. 136 = 64. 6 kg 

SiOj . ...... 475 X 0.045 -h 0.97a: — 13. 9 + 0 . 975 :. 


AI2O3 + MgO + SiO, = 47.5 + 64.6 + ( 13.9 + 0.97x) = 
= 126.0 + 0.97a:, 
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13.9 4- 0.97:c = 0.3(126.0 + 0.97a;), 

13.9 4- 0.97a; = 0.3 X 126.0 4- 0.3 X 0.97a;, 

0.3 x 126.0—13.9 23.9 or i 

* = = oil = 

Thus, llio composition of the mixture for the smelting of Xp6 
grade carbon ferrochrome will be as follows, kg: 


Chrome ore 475 

Fine coke 121.7 

Quartzite 35 


Carbon and foundry ferrochrome arc smelted in three-phase elec- 
tric furnaces of 7,500-10,500 kVA at a line voltage of 130-154 V. 
The smelting of carbon ferrochrome is<a continuous process with 
a closed top. 

The mixture is charged into the furnace, mainly onto tlie elec- 
trodes, as the preceding portion melts down. 

The charge mixture is compo.sed of 500 kg of chrome ore, stoichio- 
metric amounts of quartzite and fine coke, and 30-40 kg of reverts. 
In the smelting of ferrochrome there may occur sulphur waste and l)e- 
cause of that the process is conducted with a hot furnace-top to ensure 
the evaporation of sulphur; high-sulphur fine coke is not to be used. 

, Power consumption per one batch of charge should average 
925 kWh in normal conditions. 

Uniform charging, stable positioning of electrodes, steady uni- 
form light-yellow flame at the top and easy tapping of alloy aod 
slag and their correct composition are proof of normal operating 
conditions. 

The following furnace troubles may develop in smelting carbon 
ferrochrome: 

1. Lack of reducer in the mixture (the amount of quartzite being 
normal) causes fluctuations of input at the electrodes and high con- 
sumption of the electrodes. The carbon content in the alloy decreases, 
slags become viscous and their chrome oxide content goes up. 
A single charge of fine coke (200-300 kg) and an increased amoujit of 
reducer in the mixture remedy the situation. 

2. Excess of reducing agent, with correct proportioning‘of quartzite, 
leads to high positioning of the electrodes and evolution of white 
flames at the top. The silicon content in the alloy increases while 
the silica, chrome oxide and iron monoxide content in the slag falls. 

The slag is overheated. 

To set the furnace right the amount of fine coke is reduced or one 
or two batches of mixture are charged without coke. 

3. Excess of quartzite, with the amount of coke being correct, is the 
cause of acid slags. The slags become cold. The carbon content in the 
alloy rises, the alloy crusts and freezes in the taphole. The furnace 
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top becomes dark, electrode positioning is deep. To restore the nor- 
mal nm of the furnace the quantity of quartzite in the mixture is 
diminished, though an even more drastic method is to exclude 
quartzite entirely from a number of mixture batches. 

4. Lack of quartzite, with the amount of coke being correct, 
causes the formation of hard-to-fuse and viscous slags with large 
amounts of entangled metal prills; slag salamanders grow round the 
electrodes, white smoke evolves at the top; the slag is dense, vis- 
cous and is tapped with difficulty. The alloy is overheated. The 
carbon content in the alloy decreases. Quartzite should be increased 
in the mixture and a special portion of quartzite (approximately 
300 kg) should be changed to eliminate furnace trouble. 

5. Lack of both the quartzite and fine coke in the furnace leads 
to the formation of hard-to-fuse viscous slags wliich trap consid- 
erable amounts of prills of metal and unreduced ore. Slag does 
not flow out of the furnace, and erodes furnace walls. The silica 
content in the slag is low, and that of carbon and silicon iji the alloy 
diminishes too. 

The positioning of electrodes is high, arcing is audible, blow- 
outs appear round the electrodes. 

Additional fine Coke and quartzite should simultaneously bo 
charged into the furnace. 

6. Lack of fine coke, with quartzite being in excess, gives birth 
to cold and viscous slags containing much silica, chrome oxide and 
iron monoxide. The positioning of electrodes is low, the electrodes 
arc slagged, their consumption goes up. The carbon content in the 
alloy increases while that of silicon decreases. 

In this case it is necessary to check the proportion of the mix- 
ture and increase the weight of the reducer in the mixture. 

7. Excess of coke and quartzite in the mixture is followed by 
an increase in the silicon content of the alloy. Slagged coke comes 
through the taphole, the positioning of electrodes is unstable. Ore 
without coke and quartzite is to bo charged to correct the furnace run. 

8. h]xcess of fine coke, along with lack of quartzite, causes the 
high positioning of electrodes and numerous blow-outs and eruptions 
of coke from the crucibles; all this makes furnace-top operation 
difficult. Slags are hot but viscous, their chrome oxide content is 
low and it is not always possible to tap them. 

After a check-up on mixture proportioning, the weight of the 
reducer per batch should be diminished. 

9. Slag with elevated alumina content. In this case slag becomes 
foamy and looks cold and acid. There is considerable slagging round 
the electrodes, their positioning is unstable, the alloy is cold. 

To improve the furnace run reverts should not be charged follow- 
ing a check on proportioning and ore quality. 
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Slag and alloy are tapped into a firebrick-lined ladle simultane- 
ously through the same taphole, three-four times per shift. Slag 
is poured from the ladle into cast-iron slag pots. 

After the tapping the taphole is plugged with refractory clay 
as deep as possible, for a shallow-plugged taphole may cause dam- 
age to the adjacent lining, which in its 
turn may hamper the operation of the tap- 
hole and lead to its breakdown. 

Teeming into sectional cast-iron pans is 
effected by means of a ladle with a sleeve 
in the bottom. 

Durijig the teeming a sample is taken 
with a spoon arid analysed for Cr, Si, C, P 
and S content. On the following day 
cooled alloy ingots are smashed into lumps 
of not more than 15 kg, cleared of slag and 
stored. Foundry ferrochromc, as a rule, is 




Fig. 73. Diagram of foundry ferrochrome granulation 


grajiulatcd. A schematic diagram of foundry ferrochrome granulation 
is shown in Fig. 73. 

Consumption of raw materials per one basic ton and chrome re- 
covery in the smelting of foundry and carbon ferrochrome: 


Founiiry ^ Carbon 
forrochromc ferrochrome 


Chrome ore, kg 1,850 1,911 

Its chrome coulerit, kg 663 654 

Rich slag, kg — 100 

Its chrome content, kg — 21 

Fine coke, kg 495 470 

Quartzite, kg 140 70 

Electric power consumpt ion, kWh 3,500 3,500 

Anode paste, kg 27 27 

Recovery of clirome, Vo 90.0 89.0 
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Production of Ferrochrome Silicon 


Ferrochrome silicon is used as a reducer in smelting various 
grades of refined ferrochrome. Tlie carbon content in refined ferro- 
clirome depends to a great extent on the ferrochrome silicon carbon 
content. 

Ferrochrome silicon may also bo used in the manufacture of var- 
ious grades of low-alloy clirome and chrome silicon stainless steels. 


Ferrochrome silicon is an alloy 
a negligible amount of carbon. 

Carbon ajid silicon contents in 
(see Fig. 74). The diagram 
shows that the higher the «il- 
icon content in the alloy the 
lower its carbon content. 

There are two grades of fer- 
rochrome silicon: “rich”, with 
40-55% Si, and “poor”, with $ 
27-34% Si. § 

Rich ferrochrome silicon, ^ 
with about 50% of silicon and ^ 
less than 0.02% of carbon, is 
used for the manufacture of 
grade XpOOOO extra-low 
carbon ferrochrome. 

Ferrochrome silicon with 
40-50% of silicon and up to 
0.10% of carboji is used for 
lower grades of exlra-low car- 
bon ferrochrome, as well as 
for the low^- and medium- 
carbon ferrochromes smelted by 
Rich ferrochrome silicon may 


of silicon, chrome and iron, with 


ferrochrome silicon 'are correlated 



2^ 25 3d 35 ^0 ^5 50 55 60 


St I icon content, % 

Fig. 74. Relationship between carbon 
solubility in liquid ferroebrome 
and the silicon content 

the flux method. 

be smelted by two methods— slag 


and slag-free. 

In the Soviet Union ferrochrome silicoji is smelted by the slag- 
free method in a continuous process in 7,000-12,500 kVA furnaces 
at 145-160 V on the low side. 


Ferrochrome silicon is smelted in the same way as ferrosilicon. 
The raw materials are quartzite, fine coke and foundry ferro- 
chrome. 


Quartzite and coke specifications are the same as in ferrosilicon 
manufacture. 


It is recommended to granulate foundry ferrochrome as in this 
form it contains a lesser amount of fines and slag inclusions and 
no big lumps, which are hard to refine; the silicon content should 
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not be below 2.5%. The higher the silicon content in foundry fer- 
rochrome the lower is power consumption in ferrochrome silicon 
smelting. 

Silica is reduced by the summary reaction 

SiOa + 2G - Si + 2CO. 

Reduced silicon dissolves in foundry ferrochrome, displacing 
carbon and destroying chrome carbides according to the reaction 

Cr^Ga + 7Si - 7GrSi + 3G. 

One of the plants smelting ferrochrome silicon uses a batch of 
the following composition, kg: 


Quartzite 350 

Fine coke 170-180 

Foundry fcrrochrojne 150-160 

Iron chips 10 


Technological operations at the furnace-top in ferrochrome sil- 
icon smelting in principle do not differ from those in ferrochrome 
smelting. 

The ferrochrome silicon smelting process calls for uniform evo- 
lution of gases over the whole furnace-top area. 

This has been attained at the Ghelyabinsk Ferroalloy Smelter 
by introducing sawdust into the mixture to promote its porosity 
and the deep positioning of electrodes (1,000-1,200 mm). The latter 
factor ensures normal furnace operation and precludes dowuslides 
of mixture round the electrodes. It should be stressed that mixture 
collapses in ferrochrome silicon smelting are absolutely intolerable; 
they cause a sharp increase of the carbon content in tlio alloy be- 
cause the lumps of foundry ferrochrome which slide down do not 
always have the time to be refined. 

The alloy is tapped four-five times per shift in a thoroughly dried 
ladle lined with firebrick. The tapping takes 15-25 minutes. The 
taphole should be opened wide to allow the fullest possible evac- 
uation of slag, since its accumulation in the furnace leads to oper- 
ation troubles and taphole breakdowns. 

To obtain ferrochrome silicon with 0.02% of carbon the alloy 
should be kept in the ladle for 25-40 minutes before it is teemed 
to allow the carbon (dissolved in the alloy) to segregate in the form 
of carborundum and its entangled particles rise to surface; tlie slag 
crust, which contains an elevated amount of carbon, should then 
be removed from the ladle. 

After the killing in the ladle the alloy is granulated or teemed 
into ingots. 
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Granulation is to bo preferred, for the operation may be fully 
mechanised, and that minimises alloy contamination by carbon- 
bearing impurities because the remaining slag is washed away by 
water jets. 

Moreover, granulation eliminates the unavoidable ingot-crushing 
losses. It should be done cautiously, for a granulation rate upwards 
of 3-4 kg /sec may lead to explosions. 

Changes in carbem content in the ferrochrome silicon, following 
a 20-miiiute killing in the ladle and granulation, are shown below: 
Carbon content 

at tapping?. % ... 0. 17 0. M 0. 12 0.07 0.07 0.07 0. 16 '0 . 13 0. 12 0.04 

Carbon content 
following gran- 
ulation, % .... Traces 1^.01 0.01 0.01 0.02 Traces Trace.s 0.02 0.09 0.02 

The chemical composition of commercial ferrochrome silicon heats 
is given in Table 33. 

Table S3 


El omen t 

j Coiitenl , ' 


Si 

48.6 

50.4 

52.0 

C 

0.04 

0.02 

0.01 

Cr 

33.46 

30.70 

29.r/i 

Fc 

20.8 

18.8 

17.7 


The composition of the slag formed in the production of ferro- 
chrome silicon is given in Table 34. 

Table Si 


Component 

Con ten L. % 

SLO 2 

42.42 

58.44 

51.36 

CraOn 

0.56 

3.50 

1.02 

FeO 

1.80 

2.06 

1.50 

AlaOa 

24.17 

14.01 

25.28 

MgO 

0.71 

2.05 

2.50 

SiC 

3.60 

14.00 

10.50 

CaO 

16.74 

5.94 

7.82 


Every ferrochrome silicon heat is checked for silicon and carbon 
content, while chrome content is determined by a shift analysis. 

Following granulation the ladle is cleared of slag and crusts. 
The slag is dumped while the crusts are resmelted. Raw-material, 
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electrode and power consumption and chroipe recovery in ferro- 
chrome silicon smelting are given in Table -35. 

Table 35 


Raw-Material and Power Consumption Per Ton 
of Ferrochrome Siiicon and Recovery of Chrome 


Material | 

Silicon content. % 

1 30 

50 

Quarlzilo, 

650 

1,100 

Foundry forroclironio, kg .... 

750 

530 

Iron chips, kg , 

35 

35 

Fino coko, kg 

.300 

500 

Power, kWh 

3,200 

5,600 

Anode paste, kg 

16 

28 

Recovery of chrome, % 

02 

05 


Production of Medium-Carbon Ferrochrome 

There are two methods of manufacturing modiiim-carboii ferro- 
chrome: refining carbon ferrochrome by means of chrome ore and re- 
fining ferrochrome silicon by means of chrome ore. The latter meth- 
od, called electrosilicothermic, is employed in the Soviet Union. 

In this case, the silicon of ferrochrome silicon reduces (in an elec- 
tric furnace) the chrome and iron oxides contained in the chrome 
ore. 

The manufacture of refined ferrochrome by I ho eloclrosilicolherinic 
method proceeds according to the following basic reactions: 

2Cr./)3 4- 3Si ACv -f SSiO.^ 
and 

2FeO-f Si - 2Fe + SiOo. 

Moreover, the chrome contained in ferrochrome silicon is reverted 
to the alloy. 

Silica (Si02) is formed through the reduction of chrome and iron 
oxides by silicon; it accumulates in the slag, thus hampering fur- 
ther chrome oxide reduction. 

In the electrosilicothermic method lime is added to the melt to 
decrease chrome losses (as Ci^Og); the calcium oxide contained in 
lime bonds Si02 into calcium silicates Ca0.Si02 and 2Ca0-Si02, 
thus facilitating chrome oxide reduction in the melt. 
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Until recently, medium-carbon ferrochrome was smelted by the 
flux-free method based on the refining of poor ferrochrome silicon 
(containing 27-*34% Si and 40-46% Cr) by chrome ore without 
lime. The rich slag (27-35% Gr^O;,) thus obtained was used for 
smelting foundry and carbon ferrochrome. 

Although this method had certain advantages— high yield, no lime 
required, low power consumption— it liad to be abandoned because 
the smelters could not process all the ricli-in-chromc slag produce. 

Being cheap, it may be used in the future, provided all the slag 
obtained is utilised; the alloy produced by this method is low in 
phosphorus (since lime — the main carrier of phosphorus— is excluded 
from the process) while the slag it produces is extra-low in phos- 
phorus and is a valuable p^*oduct for the manufacture of foundry 
ferrochrome. 

Medium-carbon feiTochromo is currently produced by the flux method 
in electric furnaces with a line voltage of 300 

The mixture is composed of chrome ore, lime, ferrochrome silicon 
and foundry ferrochrome, the latter bciiig introduced to raise the 
carbon content in the alloy. 

Ore is crushed into lumps not larger than 80 mm; lime should 
contain at least 90 CaO and not more than 0.05% P. 

Medium-carboji ferrochrome is smelted by the flux melliod in 
three stages: 

1) charging and melt-dowji; 

2) charging of the second batch, melt-down and slagging off 
througli a lap hole ijito a ladle; 

3) melt-down of the third batch and alloy tapping through the 
metal taphole into a slag-filled ladle. 

The composition of the mixture used by one of the plants is as 
follows, bg: 

Aklyubiiisk ore 

l.imc 1,920 2,100 

r)0% ferrocliroine siliron ToO-SlO 

Foundry ferrochrome . . . . : 110-100 

Electric power consumption for the melt-down of the mixtures 

should be as tollows, kWh: 

First batch 2,800 

Second ” 3,300 

Third ” 3,000 

Total per heat 9,700 

The smelting process for medium-carbon ferrochrome by the flux 
method is similar to that of extra-low carbon and low-carbon ferro- 
chrome which will be described below. 
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Three slag lappings and three metal tappings are carried out dur- 
ing a shift. The alloy is teemed into whitened cast-iron pans. The 
ingots are removed from the pan (while still hot) into special contain- 
ers, cooled and then conveyed to the finished-products storage area 
where, after an analysis, they arc dressed, weighed and shipped to 
consumers. 

Raw-material and power consumption per ton of alloy and chrome 
recovery by the flux and flux-free methods are given in Table 36. 

Tal/le SG 


Raw-Material and Power Consumption and Recovery 
of Chrome in the Smelting of Medium-Carbon Ferrochrome 


Materials 

1 Specific consumption of 
|inixtiire components, kg/ Ion 

1 flux met hod 

flux- free 
method 

Chrome ore CrjOg) 

1.350 

1.9/jO 

Silieochrome (50% Si) 

550 

— 

” (30 'yi) Si) 

— 

7o0 

Lime 

1,300 

— 

Foundry ferrochrome (60% Cr) . 

130 

— 

Anode paste 

12 

25 

Iron rods 

1.5 

2.5 

Power 

2,220 kWh 

1,800 kWh 

Recovery of chrome 

83 % 

62% 


Production of Low-Carbon and Extra-Low Carbon 
Ferrochrome 

Chrome ore from the Don deposit, ferrochrome silicon and 
lime constitute the mixture for the production of low-carbon and 
extra-loW carbon ferrochrome. 

Chrome ore should be up to specifications set for grades J],X-1 and 
^l,X-2. Ore is fed into the furnace in lumps maximum 80 mm. 

Ferrochrome silicon with up to 0.02% C and approximately 50% 
Si is used for the smelting of grade XpOOOO ferrochrome; the ferro- 
chrome silicon used for the smelting of grade XpOOO ferrochrome 
should coiitaiu up to 0.02% G and 46.0-49.9% Si or 0.03-0.05% G 
and 50-55% Si. 

Ferrochrome silicon with up to 0.10% G fiud 46-50% Si is used 
for the smelling of XpOO, XpO, XpOl ferrochrome. 
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The lime should be freshly burned and contain at least 90% CaO 
and maximum 0.025 % P. It is crushed into lumps not larger than 80 mm. 

Satisfactory results are obtained with the use of lime calcined in 
tubular rotary kilns fired with gas (Fig. 75). 

This lime is not contaminated by carbon-boarij)g materials in the 
calcination process and is uniform in size; its calcium oxide content 
exceeds 93 % . 

Raw materials should be carbon-free. The composition of the mix- 
ture is set according to calculations and is checked in the process 
of smelting. A simplified charge estimate for the smelting of grade 
XpOOOO ferrochrome is given below. 

The charge is calculated for 100 kg of chrome ore. The chrome 
ore assays: 5396 Cr.X),, 14% FeO, 7 96 SiO„ 12% MgO, 11% A]J\, 
296 calcination losses, 196 iMistiire. 

Ferrochrome silicon— the reducer — contains 52^6 Si, 31% Cr, 
0.0296 C and 10.9896 Fe. 

Lime with 9096 CaO is used as a flux. 

Chrome recovery from ore is assumed to be 82 wliile that of 
iron amounts to 9096. 



Fig. 75. Rotating kilns for the calcination of liniostone 
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Silicon efficiency in chrome and irori oxide reduction from ore 
is assumed to be 70%. 

Slag basicity, i.e., the ratio is assumed to be 2.2. 

01U2 

The charge is calculated so as to obtain an alloy containing 0.06 % G 
and 0.70% Si. 

The following amounts of components per 100 kg of chrome ore 
are reduced and reverted to alloy: 

chrome 

100 x0.53x X 0.82=29.73 kg; 

iron « 

100 x0.14Xf*! X 0.9 = 9.8 kg. 

Amount of silicon required for the reduction of chrome oxide by 
the reaction 201*2034 3Si^“4Cr4 3Si02: 

29.73 X II = - 12.06 kg; 

iron monoxide by the reaction 2FeO | Si--2Fe f SiO.^: 

9.8 X = 2.51 kg. 

Total amount of silicon required for the reduction: 

12.06 4- 2.51 - 14.57 kg. 

Amount of ferrochroinc .silicon required, volatilisation losses in- 
cluded : 

The following amounts of components are reverted to the alloy 
from ferrochrome silicon: 

chrome 

40.03x0.3100-12.41 kg; 

iron 

40.03 X 0.1698-6.80 kg; 

carbon 

40.03 X 0.0002-0.008 kg. 

The remaining amount of carbon (up to the 0.06% level) is reverted 
to the alloy from the electrodes. 

Let us calculate the weight and composition of the alloy (Table 37). 
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Table 37 


Element j 

1 Amount 

kti ' 

1 % 

Chrome 

29. 73+ 12. /i 1=42. 14 

71.09 

Iron 

9.S + 6.80=16.60 

28.0.1 

Silicon 

0.42 

0.70 

Carbon 

().o;i 

0.06 

Total 

fiO.lO 

1 100.00 


The following amount of silica resulting from the oxidation of 
silicon contained in ferrochrome silicon is reverted to the slag: 

(40.03 X 0.52 — 0.42) X |;! - 43.70 kg. 

The following amount of silica is reverted to the slag from chrome 
ore: 

100 X 0.07 - 7.00 kg. 

Total silica content in the slag: 

43.70 + 7,00 = 50.70 kg. 

Amount of. basic oxides re(|uired (CaO | MgO) in the slag: 

50.70 X 2.2 = 111.54 kg. 

Amount of MgO reverted to .slag from chrome ore: 

100X0.12= 12.00 kg. 

Amount of GaO to he introduced by lime: 

111.54 — 12.00 = 90.54 kg; 
on 

this rcquire.s —^- = 110,6 kg of lime. 

The weight and compo.sition of the slag are given in Table 38. 


Table 38 


Constituent 

1 Amount 


kg 

% 

SiOa 

CaO 

MgO 

AI,03 

CrjOj 

FeO 

1 50.70 

99. .51 
12.00 
11.00 

100X0. 5:{x0.18--=9. 54 
100x0.14x0.10=1.40 

27.527 

54.045 

6.515 

5.973 

5.180 

0.760 

Total 

184.18 

100.000 
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Slag to alloy ratio: 


^ 8^18 

59.19 


= 3.11. 


Composition of llic mixture, kg: 


Chrome ore . . . . 
Ferroehrorne silicon 
Lime 


100.00 

40.03 

110.60 


Chrome con I out in the mixture: 
104 


100 X 0.53 X - 1 - 12.41 = 36.26 + 12.41 = 48.67 kg. 
Total chrome recovery lo the alloy: 


42.1 


48.67 


~ X 100 86.5 ' 


Furnaces smelting low-carbon and cxtra-iow carbon ferrochromo 
are lined with magnesite firebrick. Funiace power rating is 
2,500-3,500 kVA. 

Extra-low carbon ferrochromo is smelted with a secondary voltage 
of 300-350 V to ensure lower carburisatioii of the alloy by the elec- 
trodes. 

Electrodes used are of graphite or self-baking type. 

When low-carbon ferrochrome is smelted, ore and lime are charged 
simultaneously with ferrochrome silicon, i.e., the reduction of chrome 
and iroji oxides proceeds simultaneously with the melt-down; 
this shortens the duration of the Jieat throiigli improved utilisation 
of the heat generated by chrome and iron oxides reduction reactions. 

In smelting extra-low carbon ferrochrome, ferrochrome silicon 
is charged following the melt-down of the previously charged oro 
and lime; this ensures a decrease in tlie carbon content in the alloy 
(because the furnace operates on highly conductive lime slags with- 
out silica additions) and reduces chrome lo.sses in the form of metal 
prills entangled in the slag. 

The smelting of extra-low carbon ferrochrome is a periodic proc- 
ess and consists of the following stages: 

1) charging of the burden (ore and lime); 

2) melt-down of the ore-lime mixture; 

3) reduction of the ore-lime melt by ferrochrome silicon; 

4) tapping of the heat. 

After the melt-down of two charge 'batches slag is tapped into 
a ladle; after the melt-down of the third batch slag and alloy are 
tapped into a ladle filled with slag. The technology described re- 
quires two tapholes: a slaghole through which slag is tapped, and a 
laphole for metal through which alloy and slag are evacuated. 
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In some smelters extra-low carbon ferrochrome is smelted by 
the following method. The furnace is charged with 1,800 kg of ore 
and the estimated amount of lime. At the beginning of the melt- 
down (8-10 minutes) the electrodes are adjiisled manually; after 
the formation of fused holes round the eleclrodes, the furnace is 
switched over to automatic control. 

The melt-down of the first charge ends \vi(li the consumption of 
approximately 1,600 kWh of power; following Ibis, the remaining 
unsmelted mixture is pushed away from the walls, the bath is heat- 
ed, the slag crust between the electrodes is smashed and ferrochrome 
silicon is charged when 1,800 kWh of power have been consumed. 

The charging of ferrochrome silicon into the bath takes three to 
five minutes. When 2,000-2,200 kWh have been consumed the melt- 
ing of the first charge is compleled and I ho oleri rodes are then lilted 
for tw^o or three minutes to permit the formation of the slag crust. 
If this is not done, the slag starts boiling violently when the second 
batch of the mixture is dumped. 

At the same time, the mixture remainijjg on the banks from the 
first charge is pushed towards the eh*ctrodcs. Power input is raised 
directly on the slag and tlie second batch is charged into the furnace. 

Operations at the furnace-top during the melting of the second 
batch are the same as during tJjo first. • 

The second batch of forrochrouKi silicon is charged into the fur- 
nace when power consumption from the beginning of the heat 
roaches approximately 4,800 kWh. The ln*at is cojisidered completed 
wlien 6,400-(),G00 kWh Iiave been consumed. 

The alloy is sampled for its silicojj cojitent ten minutes before 
the end of the heat; the alloy and slag arc tlien tapped into steel ladles. 

After the lapping of the alloy the hearth is inspected, the crust 
is knocked down from furnace rims ajid the walls are fettled with 
the mixture left over frouk the preceding heat. 

Prior to applying power it is necessary to charge 150-200 kg of 
lime and 100-150 kg of ferrocljrome silicon iji successive layers be- 
neath the electrodes on the skin of the slag remaijiijig from the beat. 
All this is done to prevent carburisation of llie alloy when furnace 
power is reapplied, especially wIkmi grade XpOOOO ferrochrome is 
smelted. 

Powder input to the electrodes should be raised very carefully; 
electrode penetration into the slag and its contact with the alloy 
remaining in the furnace should he avoided. 

The mixture is to he charged wdien power input reaches 25% of 
the nominal rating. The mixture is charged into the furnace from 
the furnace bins mainly near the w^alls. 

The process is conducted with .short electric arcs whoso length 
is adjusted by pushing the unsmolted mixture into the holes round 
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the electrodes. The mixture is fed by small' portions as the holes 
appear at the electrodes; the rate at which the mixture is fed should 
ensure stable and nominal power input and prevent electrode 
penetration into the slag. 

When the charge collapses and slag agitation sets in, the elec- 
trodes should he lifted temporarily to decrease power input. 

The initial charge following the tapping of metal is melted in- 
completely; ferrochrome silicon is charged into the holes at the 
electrodes; after the consumption of the amount of power preset for 
the initial charge the electrodes are lifted and, as soon as the slag 
crusts, power input is again raised and a second mixture hatch is 
dumped. In the case of 1,800 kg of ore and the estimated amount 
of lime, power consumption for the first charge hatch usually comes 
to 2,100-2,400 kWh. 

The second and third batches are melted down completely; if the 
furnace operates normally power consumption amounts to 160 kWh 
per 100 kg of ore. The mixture should ho melted down entirely with 
no unsmolted materials remaining between the electrodes and the 
furnace sides. The slag crust between the electrodes is broken up 
before ferrochrome silicon is fed into the bath after the melt-down 
of the ore-lime portion of the mixture. The charging of ferrochrome 
silicon takes ten minutes. 

If the slag does not boil when ferrochrome silicon is being charged 
and the reducer remains at the surface of the slag, the bath is mixed 
artificially with an addition of two or three shovelfuls of chrome 
ore (to provoke bath agitation). 

Ferrochrome silicon must not be charged into the electric arc 
zone, for that causes useless volatilisation of silicon. 

After the entire portion of the reducer has been charged the bath 
is mixed once more, the furnace is operated for ten minutes and 
the slag and alloy are then tapped. Prior to tapping of the alloy 
three samples are taken by a spoon and the silicon content is assayed 
visually. Electric energy consumption for the smelting of the second 
and third batches, with the ore weighing 1,800 kg per charge, aver- 
ages 3,000 and 3,000-3,300 kWh respectively. 

If the alloy has an elevated silicon content the tapping is held 
over, the heat is prolonged and the alloy is additionally refined 
(lime and chrome ore are added to the molt). If this does not suffice, 
the slaghole is opened, the slag is tapped and a fourth batch (with 
the amount of lime increased by 200-300 kg against the normal 
quota) is charged. When this charge has been melted a diminished 
amount of ferrochrome silicon (but not less than % of the normal 
amount so as to prevent “cold” furnace run) is introduced. The 
alloy bath is then sampled and, if the alloy is up to standard speci- 
fications, the heat is tapped out. 
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A so-called cold furnace run may come about in manufacturing 
low- and extra-low carbon ferrochrome; this occurrence is character- 
ised by elevated power consumption and a high silicon content in 
the alloy. Gold furnace operation may be caused by: 

a) inadequate top operation which may lead to local overheating 
of the slag, long arc operation and high heat losses; 

b) low ferrochrome silicon content in the mixture; 

c) low calcium oxide content in the lime which increases power 
consumption for its final burning in the furnace; 

d) prolonged furnace down-time; 

c) excessive amounts of ferrochrome scrap being rcmelted. 

When the carbon content in the alloy rises, technological opera- 
tions at the furnace-top sfcwuld be activated, raw materials care- 
fully checked for carbon contamination and electrode tips inspected 
for crumbling. 

If the slag analysis reveals a low calcium oxide content (below 
48%) or an increased chrome oxide content (above 5%), one should 
check on the correctness of the proportion, taking into account ac- 
tual raw-material analyses; if necessary, the proportion of lime and 
ferrochrome silicon should bo modified. 

As mentioned above, when the second mixture batch has been 
melted, the slaghole is opened and the slag is tapped into a steal 
cast ladle. The latter should be filled with slag to the lip. Following 
the tapping of the slag its surface in the ladle is covered with slag 
dust 50 to 60 mm thick to prevent the formation of a thick slag 
crust. Prior to the tapping slag crust in the ladle is smashed and 
when the slag and alloy are tapped the latter washes the liquid slag 
away and fills the ladle. 

The taphole is opened either with a bar, or with an electric arc 
aided by an iron rod or with oxygen lancing. To tap the slag and alloy 
the taphole is opened wide^ to permit their simultaneous outflow 
and thus reduce tapping tinae to ten minutes or less. Excessive slag 
flows over from the first ladle into the second, then into the third 
or into cast-iron slag pots. 

After the tapping procedure the taphole is closed with magnesite 
powder as deep as possible. Deep taphole plugging enhances front- 
wall heat resistance and facilitates subsequent tapping. 

The ladle with the metal is then conveyed to the pouring side where 
the alloy is teemed. 

When the ladle is not filled with the alloy completely, the slag 
is poured out into slag pots; the small amount of slag remaining in 
the ladle is thickened by an addition of crushed lime to prevent slag 
from infiltrating into the teemed alloy. 

Ferrochrome is teemed into whitened steel or cast-iron moulds, 
into ingots 50 to 100 mm thick. 
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Fig. 76. Installation for vacuum -processing liquid 
of ferrocliromo in a ladle 


At some plants the ladle with the alloy is vacuuni-ro fined prior 
to teeming. This permits obtaining a de/ise ferrochrome ingot. A 
vacuum-refining installation is shown in Fig. 76. After solidification 
ferrochrome ingots are stripped and sent to the fiiiisluHl-products’ 
area where they are crushed into lumps weighing not more than 
15 kg, cleared of slag, packed into cases (on the hatch principle) 
and shipped to consumers. In some instances the alloy is shipped 
to consumers in hulk (without packing). 

Every heat is sampled and analysed for chromium, silicon, car- 
bon and phosphorus content. 

The approximate chemical composition of extra-low carbon fer- 
rochrome is as follows: 70-71% Gr, 0.06-0.08% G, 0.60-0.80% Si, 
0.042-0.051% P. 

The correct proportion of reducer and lime is checked by shift 
analyses of slag for Gr.^Og, GaO and Si02 content. 

Approximate slag composition; 51-52% GaO, 3.8-5 .4% Gr.^Og, 
5.3-6.5% Ala Og, 0.6-0.8% FeO, 8.5-10.0% MgO, 26-29% SiOg. 

Gonsiimption of raw materials, electrodes and powder, as well 
as chrome recovery in extra-low carbon ferrochrome smelting 
are given below^: 


Production of Ferrochrome 


185 


Matermls 


Chrome ore (^10% CrjOa), kg/ton 1,600 

Chrome silicon (50% Si), k^'lon OlXl 

Lime, kg/ Ion 1,350 

Electrodes, graphitised, kg/ 1 on 10 

Iron rods, kg/ton 3.5 

Electric power, kWh/ton 2,300 

Chrome recovery, % 82 


Special installations have been pul up in the Soviet smelters man- 
ufacturing ferrochrome to recover scrap and ferrochrome prills 
from the slag. In new smelters special facilities are i)rovided to proc- 
ess the slag and recover alloy prills and to use disintegrating slag 
as a building material. 


Aluminothermic Production of Metallic Chrome 
and Special Chromium Alloys 


The aluminothermic method is used for the production of certain 
grades of ferrochrome, metallic chrome and alloys. 

Tables 30 and 31 give the composition of metallic chrome ajid 
certain of its alloys manufactured in the Soviet Union by tlie alu- 
in in 0 thermic method. 

The reduction of chrome oxide by aluminium proceeds according 
to the reaction 

4- 2A1 2Gr + -\- 130,500 cal. 


If we divide the heat effect of the reactions ])y the sum of the atom- 
ic weights of GroO;, and 2AI (2X52+3 xlO 1-2x37 -=^200) we see 
that the amount of lieat generated per 1 kg of mixture is equal to 


130 , 

2U6 


633 cal. 


This is more than required according to the rule set by Zhem- 
chuzhny, who arrived at the conclusion that the realisation of the 
aluminothermic process outside a furnace requires the specific heat 
effect, i.o., the amount of that evolving in the reduction process 
per kg of mixture, to be above 550 cal. 

Slags formed in the aluminothermic process arc hard to fuse and 
an increase of up to 620-680 cal in specific heat effect is therefore 
necessary; this is achieved by the introduction into the mixture 
of sodium nitrate, which, reacting with aluminium, generates a con- 
siderable amount of heat: 


6NaN03+10Al-3Na20+5Al203+3N,+l,628,000 cal. 
Pre-heating of raw materials is worthwhile from the economic 
point of view. 
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Recovery coofficients for charge calculati'pris (based on operational 
practice) are given in Table 39. 


Table 39 


Reverts to the alloy. % 


Element 

metallic 

chrome 

extra-low 
carbon fer- 
rocliroine 

nltrogenated 

ferrochrome 

XAJl 

Chrome 

1 93 

87 

85.0 

97 

Chrome iii prills inchidod . 

5 

15 

15.0 

15 

Silicon 

40 

40 

40.0 

40 

Iron 

100 

100 

100 

100 

Spcciric heal effect of Ihe proc- 
ess, cal/ kg 

655-685 

650-680 

630-640 

630- 

650 

Temperature of the process, “C . 

2,000-2.100 

1,970-2,000 

— 

— 


The upper values of the specific heats of the processes refer to 
winter conditions, the lower ones to summer conditions. 

The estimated charge composition for the aluminothcrmic smelt- 
ing of chrome and its alloys is given in Table 40. 


Table 40 




Mixture composition, kg 


Alloy 

chrome 

oxide 

chrome 
conoen- 
ira tc 

alumin- 

ium 

powder 

sodium 

nit- 

rate 

Blag from 
metallic 
chrome 
smelting 

Metallic chrome 

100 ! 

- 1 

1 

38.9 

8.97 1 

— 

Extra-low carbon ferroclirome 
Nitrogejiatcd ferrochrome . . . 
XAJI 


100.0 

100.0 

31.7 

39.6 

16.5 

25.0 

41.5 

— 

100.0 

46.9 

15.8 

— 


The chemical composition of chrome oxide used in the mixture 
(grades OX-B and OX-3), as specified by FOOT 2912-54, is shown 
in Table 41. 


Table 41 



Chrome oxide, 

Total sul- 

Iron mono- 

Moisture, 

Grade 

above % 

phur, be- 
low % 

xlde, below % 

below % 

OX-B 

98. 0 

0.06 



0.15 

OX- 3 

98.0 

' 0.03 

0.15 

0.15 
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Outwardly, chrome oxide is a line, homogeneous powder, green in 
colour. 

Chrome concentrate should contain not less than 60% CrgOg, not 
more than 15% FeO, 1.2% SiO^ and 0.1% G. Clirome concentrate 
grains should not exceed 1.5 mm. 

The chrome slag obtained in the smelting of metallic chrome con- 
tains approximately 12% CrgOg. It is crushed and sieved through a 
1.5-mm sieve and its sizing assay is as follows: 


nioro than 

0.8 mm 

0. 3-0.8 mm 

loss thaiN 
0.3 mm 

20-:j0');, 

20-40 'Vy 

30-00 


Aluminium powder is manufactured from primary aluminium 
whose chemical composition is specified by FOGT 3549-47 (Table 
42); its sieved analysis should be as follows: 

Size, mm Up to 0.1 O.M.O l.U-3.0 
Gonlejit, % <10.0 >80.0 <10.0 

7\/b/e 42 


Chemical Composition of Primary Aluminium 




Chemical com posilion, % 

Giaclc 

Al, mini mum 

Fc 

Si 

Sum Fe-fSl 

Cu 

Sum of 
imi ui'itics 



maximum 

A-00 

99.7 

1 

0.16 

0.16 

0.26 

0.01 

0.30 

A-0 

99. G 

0.25 

0.20 

0.36 

0.01 

0.40 

A-1 

99.5 

0.30 

0.30 

0.45 

0.01.5 

0.50 


Sodium iiilrate should be freshly dried and contain at least 98% 
NaNOg. 

The amount of chrome oxide or chrome concentrate smelted per 
heat ranges from 1,000 to 3,000 kg. The burden is carefully mixed 
for 30 minutes in a drum mixer. 

The smelting is done in a sectional cast-iron shaft furnace. The 
furnace is prepared in the following manner. Prior to its assembly 
the inside of the shaft is whitened with lime; the shaft halves are 
then installed and bolted together on a carriage lined with firebrick. 
The joints of the halves are luted with fireclay. Dry magnesite pow- 
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dcr is spread over the bottom and tamped to a layer 150 mm thick. 
The lower section of the shaft, which is filled with liquid metal 
during the operation, is lined with dry magnesite brick, all joints 
being packed with magnesite powder. The joints of the halves are 
also protected with firebrick. The bottom is then covered with a 30-mm 
layer of slag, milled and sieved through a 3-mm sieve. 

Metallic chrome and extra-low carbon ferrochrome are smelted 
with bottom priming which ensures a uniform process. The mixture 
is charged on the shaft bottom up to the magnesite lining level be- 
fore the primer is inserted. The primer mixture is put into a hole sit- 
uated in the charge (0.5 kg magnesium chips and 0.5 kg saltpetre). 
The mixture is charged after the ignition of the primer and as soon 
as the process is initiated. The mixture is spread in a thin layer 
all over the cliarge surface. It is inadvisa])le to operate with an open 
lop as this leads to heat losses; it is not recommended to charge a 
thick layer of saltpetre over the top either, for that causes decomposi- 
tion of saltpelre by the heat of the furnace-top (evolution of brown- 
ish gases). The decomposition of the sallpotre l)y funiace-top heat 
increases the aluminium content in the metal. The mixture, espe- 
cially when one is smelling ferrochrome, should be charged in a 
manner excluding any interruptions for that may cause burden 
find melt eruptions by evolving gases. 

The process runs hot. The over-all duration of tJie lieat is approx- 
imately five minutes. 

Nitrogenated chrome and chrome-aluminium alloy are smelted 
with surface priming, i.e., all the burden is charged ijito the smelt- 
ing shaft and the mixture is ignited from the top by means of a 
primer. The process is very hot and lasts about two minutes. 

To facilitate nitrogen assimilation by the alloy the smelting tem- 
perature is driven dowji by the addition of a certain amoiint of slag 
from the preceding heats. 

The alloy and slag block is cooled for five-six hours following the 
smelting proce.ss; the shaft is then disassembled and dismounted. 
The alloy and slag monolith is left over on the car for another 
three-four hours after which the slag is separated from the 
alloy. 

The alloy is water-cooled to facilitate crushing and dressijig, 
to that end it is placed in a tank which is gradually filled with 
water. 

After it has been water-cooled the alloy is shattered to pieces, 
cleaned and packed into tare. 

At the same time the alloy is sampled for its grade. Raw-material 
consumption per basic ton and chrome recovery in the smelting of 
these alloys are given in Table 43. 

Typical composition of commercial alloy is shown in Table 44. 
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Table 43 


Raw-Material Consumption Per Basic Ton of Alloy 
and Recovery of Chrome 



Raw-material consumption, ki; | 

('liromc 
recovery , 

% 

Alloy 

Chrome coii- 
centralo 

1 (60% Cr^Oa) 

Chrome 

oxide 

Alumin- 

ium 

Sodium 
nit rale 

Alctallic cliromo 

Cr) 


1 .000 

030 

130 

87-88 

Kxlra-low Ciii'lion fcrio. hronio 
(00% Cr) 

2,0G0 


050 

30.5 

08-70 

NUrogenatod forrochroiuo 

(liO';-' Cr) 

2,150 


H',0 

5'.0 

00-09 


'I'ahlc J4 


Commercial Alloy Composition, 'Vo 


Alloy 

Cr 

I'e 

Si 

Al 


s 

p 

N 

Molallic chroino .... 

08.0 

0.05 

0.17 


n . 0 'i 

u.('2 

0.005 



1)8.8 

0.71 

0.15 

0.31 

o.o;; 

o.o;; 

0.007 


Fxlra-low carbon I 

08.1 

1 

0.72 

O.li 

1 

0.57 

o.o;; 

0.01 

o.oni 


ferrochroiiio . . ■ . 


— 

0./i2 

0.15 

o.o;; 

0.000 

-- 

_ 

rsitrogoiiatcd forro- 

73.75 

— 

O.'.l 

0.22 

0.02 

O.OO.') 

— 

— 

cbronio 

73.12 

— 

0.27 

0.10 

o.o;; 

o.ooo 


1 . ;;o 


72.0 

— 

0.58 

0.1.') 

O.O'i 

0.007 

— 

1 25 


Production of Refined Ferrochrome by Other Methods 

A jjcw melliod of extra- low carl)Oii ferrochrome production has heeii 
developed and introduced into smelling ])i"iclice — decarhuration of 
carbon ferroclirome in solid slate in vacunin furjjaces at J lOO J o()0'"C. 

The proce^is is based on the oxidation of ferroclirome carbon liy 
ihe oxygen of iron, chrome, silicon, etc., oxides by the reaction 

(Fe, Cr) 7 C 3 (soii(i) + 3SiOo(soiifj) = 7(Fe, Cr)(son'i) -| 3Si()(jr;,<i) -f 3C()(gas) 

or 

^/6Cr3CG(solid) ^/3^^’2^3(soUu) “ • 

The gaseous products SiO and CO resulting from the reaction are 
pumped out. Deep vacuum (residual pressure is approximately equal 
to 0.05 mm mercury gauge) ensures the shifting of the system equi- 
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librium to the right, i.e., facilitates fcrrochrome decarburation. This 
method makes it possible to produce ferrochrome with 0.01-0.02% G. 

The process is conducted in electric resistance furnaces at 1100- 
1300"C; the briquettes prepared from finely ground carbon ferro- 
chrome and reducer are aged for 24 hours in deep vacuum. 
Chromic anhydride is used as a hinder. 

The composition of decarburised briquettes depends on the re- 
ducer. The results of investigations by I.D. Kirichenko into the oxi- 
diser effect on the composition of decarburised briquettes are given 
in Table 45. 


Table 45 


Relationship Between the Composition of Decarburised Briquettes 
and the Kind of O^diser 


Oxiiiser 

1 Alloy composition, % 

Cr 1 

Si 

Fe 

C 


Chrome oxidt? 

Send 

«2.0 

0 . 22 

18.3 

0.02-0.01 

70.5 

7. 5-8. 5* 

21.2 

0.02-0.0! 

Iron ore 

(53.2 

0.70 

3(5 . 3 

0.02-0.0! 


• Parlly in llic form of silica. 


The advantages of this method of ferrochrome production are 
considerable improvement in working conditions compared with 
the silicothermic process of extra-low carbon ferrochrome manufac- 



77. Diagram of a convertor for oxygen blowing of foundry 
ferrochrome 

ture and the possibility of mechanising and automating production. 
The alloy produced contains 0.02-0.04% G. A serious disadvantage 
of this method is considerable contamination by the reducer of the 
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alloy obtained and its high silicon content when silicon is used as 
an oxidiscr. 

The production of refined ferrochrome through the processing of 
foundry ferrochrome in a converter is advantageous from the eco- 
nomic point of view. 

Experiments in foundry ferrochrome converting with the uso of 
oxygen have been conducted in a converter (Fig. 77) composed of 
two sections: the inner body with the lining and the hood, which 
creates a vacuum in the converter witli the aid of vacuum pumps. 
The converter in question was lined with brick manufaclured with 
cast magnesite, and was water-cooled. The results of the blowing 
operations are given in Table 40. 


•• 

Ferrochrome Converting Performance Data 


Tft/fle 46 


No. of heat | 

niow 

duration, 

min 

Weight of 
metal 

charged, tons 

Analysis of 
mclal charged, 

0/ 

/o 

XVeight of 
metal pro- , 
fiuced, tons 

Analysis of inelal 
proiuccl, % 

-lam ;o 

1 

5 a ^ . 

I’lclc 
oSif E 

Chrome recuv-' 
I cry. % 

usual 1 

oxy* 

1 gCJl 

c 

1 Cr 1 SI 

1 

Cr 

SI 1 

e 

34 

158 

13S 

2.810 

5.89 

61.0 

1.55 

1.515 

0.56 

67.8 

0,95 

o.o:’ 

X|.l 

1 10 

60 

39 

190 

166 

3.110 

6.4'i 

71.4 

1.03 

1.800 

1.13 

72.78 

1.17 

0.02 

X|i2 

91 

.\9 

44 

165 

150 

3.535 

'5.94 

67.14 

1,40 

1.920 

0.45 

71.9 

0.93 

0,0.3 

XjiOl 

92 

60 

50 

139 

134 

1.470 

6.3 

70.69 

i.o:i 

0. 700 

0.17 

1 

62.42 

1.03 

0.01 

ApO 

1 

173 

12 


Similar converters are operatijig at ])re.seiit ajjil i)r()diico grades 
Xpl and Xp2 ferrochrome with the following peidormance results: 

Foundry hTrochroMK' roMsuinpUoii, kg,'loii of alloy ] 

Oxygen consuniptioii, in^Uon of alloy 

Aluminiimi, kg/lon of alloy 

Chrome recovery, % ' ^ 



Chapter 5 

PRODUCTION OF FERROTUNGSTEN 


Use of Ferrotungsten 

Tniigsten is ojie of (lie most important alloying elements in the 
manufacture of special, tool and certflln grades of construction 
steels. Tungsten increases steel’s hardness, tensile strength and 
elasticity. Steels with a high tungsten content (3.5-19%) arc used 
for the manufacture of high-speed cutting instruments. Cemented 
carbide alloys containing 90% tungsten, currently widely employed, 
are manufactured of tungsten carbides. 

The chemical com})osition of ferrotungsten is given in Table 47. 

Table 47 


Chemical Composition of Ferrotungsten (FOCT 4752-55) 



Since some tungsteji cojiceiitrates have a considerable molybden- 
um content (2-4.5%), ferrotungsten is smelted together with 
molybdenum, its composition conforming to FOOT 5199-50. 

Physicochemical Properties of Tungsten 

Tungsten (W) is an element of the sixth group of the D. I. Mende 
leyev Periodic Table. 

The over-all tungsten content in the earth’s crust is negligible— 
0.0009%. Tungsten was discovered by the Swedish scientist 
K. Schoele in 1781 in calcium tungstate GaW 04 , 
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later called sclicelitc. In 1783 t uiigsLcn was found in a mineral cal- 
led wolframite (Fe, Mn) WO 4 . 

For almost 100 years tungsten was not employed and it was only 
iji the latter half of the lOlii cejitiiry that experimeuts were made 
to introduce tungsten into steel to improve the lattur’s ])roperties. 
Tungsten output began to rise very swiftly early in tlie 20th century 
when it found application in the manufacture of rapid steel. 

Pure tungsten is manufactured by the reduclion of its oxides by 
hydrogen. Tungsten is a silvery while metal with I he following 
physicochemical properties: 


Atomic weight . . 
Spccil'ic gravity . 

Yak' net' 

Mi'lliiig point, ®G 
Boiling point, °C 
Hardness, Hjj . . 


1S3.92 

From 2 to (> 
i’/iOO 
0927 
iOO 


Tungsten oxidises noticeably in the air when heated from 400- 
300 C and up. The melting point of tungsten alloys goes up witli 
the rise in latter’s conlent. The melting point of the alloy cotilaining 
70-80% W is 2000*^0. With carbon tungsto]i forms carbide WC, con- 
taining 0.12% C, and W.^C, containing 3.16% C. Carl)ide inclusions 
make tungsten brittle. The WoC meltijig point, is 2750 C. Tungsten 
gives two compounds with silicon: WgSi-j and WSi. 

With oxygen tungsten forms a number of oxidt's: tungsten diox- 
ide WO.^— a brownish powder with specific gravity of 12 , 11 , melting 
point of 1227-1327''C ajid boiling point of 1727 C. Tujigslen trioxide 
WOy is the most stable tungsten-oxygen compound, occurring in 
jiature in a number of tungsten ores. WO .3 is yellow in c«)lour, its 
specific gravity being 7. 10 and melting point 1473 'G. 


Raw Materials 

The main raw materials used in the production of ferrotungsten 
are tungsten ore concentrates. Since the lujigsten assay in the ores 
is very low, they are considered to he commercial if they contain over 
0 . 2 % of tungsten trioxide WO 3 . 

Wolframite, scheelite, ferberite and hubnerite are the main tung- 
sten minerals. 

Wolframite (Fe, Mn) WO 4 is a black brownish mineral with a 
metallic lustre; its specific gravity is 7.14-7.50. The ])ure mineral 
assays 75% WO^, 25%, MnO-pFeO. 

Scheelite GaWb 4 is light-yellow to dark-red in colour, with spec- 
ific gravity of 5. 9-6.1. The WO., assay in the mineral varies from 
71 to 80%, depending on the amount of impurities. 


13—1456 
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Ferberito FeW 04 is a black mineral with specific gravity of 7.5; 
it contains 76.5% WO 3 and 23.5% FeO. 

Hubnerite MnW 04 is a brown or dark-red mineral with specific 
gravity of 7.2. 

The most common of the above-mentioned minerals are the wolf- 
ramite ores whose output amounts to 95% of the world’s output of 
tungsten raw materials. 

The biggest tungsten ore deposits arc to be found in China, Austra- 
lia, Korea and Burma. The Soviet Union has adequate deposits too. 
At Soviet works ferrotungsten is manufactured from wolframite and 
scheelite concentrates, whose chemical composition is given in 
Table 48. 


Table 48 


Chemical Composition of Tungsten Concentrates for Smelting 
Ferrotungsten (TOCT 213-56) 


Oracle 


Chemical composillon, % 


WOa 


maximum 



mini- 

mum 

MnO 

SIO, 

P 

S 

As 

Sn 

Cu 

1 Pb 

1 Sb 

1 Bi 1 

1 Mo 

KBOm 

G3 

9 

5 

0.02 

0.3 

o.iol 

0.10 

0.07 

0 

CM 

d 

0 

d 

[o.co 

Not 













spec- 

if- 













ied 

KBF 

60 

15 

5 

0.05 

0.8 

0.20 

0.20 

0.20 

Not 

‘specified 

>9 

KllIH 

70 

1 

0.5 

0.05 

0.5 

0.10 

0.10 

0.10 

0.1010.1010.10 

»» 

KllIO 

60 

2 

10 

0.04 

0.6 

0.05 

0.08 

0.15 

Not specified 

11 

KIU 

55 

4 

10 

0.08 

0.8 

0.20 

0.20 

0.20 

1 




KMmA 

65 

0.10 

1.2 

0.0'j 

0.3 

0.04 

0.05 

0.10 




2-4.5 

KMrna 

60 

0.10 

5 

0.08 

0.5 

0.05 

0.05 

0.10 




2-4.5 


Ferrotungsten Smelting Technology 

Oxides of tungsten may be reduced by silicon, aluminium or car- 
bon. The increase in the tungsten content enhances the viscosity 
of the alloy, thus hampering the latter’s carburisation. 

The most widely used method of ferrotungsten manufacture is 
the simultaneous reduction in electric furnaces of tungsten and iron 
oxides by carbon: 

V 3 WO 3 + C = V 3 W + GO. 

The process begins at 690 °C. Iron monoxide is reduced at the same 
time (beginning with 950°G): 

FeO -f- G = Fe + GO. 
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Before 1937 tungsten was smelted in the Soviet Union in the form 
of ingots. 

In 1937 a continuous smelting process developed by V. N. Gusa- 
rov was introduced into production. It consists of scooping the alloy 
out of the liquid hath and periodic slag tappings. 

The following raw materials arc used for the production of ferro- 
tungsten: 

1) tungsten concentrate, the tungsten-bearing component of the 
mixture; 

2) coke, used for the reduction of tungsten and iron oxides. The 
coke used is of the pitch variety, with the minimum content of phos- 
pliorus, sulphur and ash. Used are either pitcli fines or coke crushed 
into lumps of less than 2(1 mm; 

3) 75% ferrosilicon is used for rapid and complete reduction of 
tungsten oxide contained in the slag prior to the latter’s lapping. 
The ferrosilicon used is in granulated form; 

4) iron chips introduced into the mixture to reduce the alloy’s 
viscosity (this results in a drop of the tungsten content) make it 
possible to scoop the alloy. To avoid contamination, the iron^chips 
should contain no non-ferrous metals and cast iron. 

The mixture batch is composed of 100 kg of concentrate. The 
latter is added in proportions which permit obtaining a standard 
metal in botli the principal clement and impurities. The distribution 
of elements in the smelting process is given in Table 49. 


Table 49 

Distribution of Elements 


Element 

1 

Reverts, % 

In metal j 

In slag 1 

in Blac k losses 

W 

99* 

0.15 

0.80 

Mil 


85 

11 

Fe 

90 

7 

3 

P 

100** 

— 

— 

Cu 

90 

10 

— ■ 


20 

— 

80 

Sn 

25 

— 

75 

S 


40 

50 


• 0.05% other Impurities. 

** Of that contained in the concentrate, assuming that the phosphorus of the remain- 
ing mixture (-omponcnis constitutes slack losses. 

••• The same as phosphorus. 


The amount of reducer per batch is set so as to run the heat on wor- 
king slag with approx. 10% of tungsten oxide. The rise of the tungsten 


13 * 




Fig. 78. Concentrate-charging machine 

oxide content in tlio slag prevents the impurilies from being carried 
over to the alloy (carbon, silicon, manganese). 

The amount of coke per charge is from 8 to 10 kg. The quantity 
of iron necessary per 100 kg of concentrate is given by the formula 

0.28t) X A — (0.7B -I- 0.2X -f U) 

0.90 

where 

A — the mean tungsten oxide content in the mixture concentrates; 
B — the mean iron monoxide content in the mixture concejitrates; 
G — the amount of ferrosilicon for slag adjustment per 100 kg 
of concentrates; 

D — the amount of iron introduced by spoons and iron rods. 

Ferrosilicon consumption amounts to 7-10 kg per 100 kg of con- 
centrates. 

Mixture materials are conveyed from proportioning bins to fur- 
nace hoppers in self-unloading containers or charged into a furnace 
by a machine (Fig. 78). 

Ferro tungsten is smelted in a three-phase arc furnace of 2,500 kVA 
at line voltage of 178 and 149 V. 
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The furnace is equipped with a rotating mechanism to ensure uni- 
form heating of the metal over the whole furnace hearth. 

The lining diagram for a ferrotungsten furnace is shown in Fig. 79. 
The creation of a protective metallic layer (of the crucible) is a 
crucial start-up operation; to this end approximately 10 tons of 




Fig. 79. Lining of a furnace for smelting ferroLungsLcn; 

1 -asbestos cardboard: 2-linins: 3- brick 330X115X05; 5-block8 

400X400xr>r)0; 6— boUom (or jmodc) p^iste 


ferrotungsten are charged onto the furnace banks. For the first two- 
three days the alloy is not scooped, and the concentrate is charged 
simultaneously with coke and the separated slag is tapped out pe- 


The refining of the alloy is effected at 178 V, which speeds up 
the charging rate and is necessary for slag enrichment. During the 
scooping-out period the alloy should be paste-liko to facilitate this 
operation; the furnace is, therefore, changed over to the second -volt- 
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age tap during this period (149 V), electric arcs are thus shortened, 
heat losses decreased and thorough heating of the metal ensured. 
The ferrotungston smelting process consists of the following stages: 


Rofiiihig .3-3.5 hours 

Scooping 1.5-2. 5 hours 

Slag adjuslmcnt 40 miiiules 

Slag lappiug 15-20 minutes 

Fettling aiul (dectrodo slipping 30-40 minutos 


The alloy in the furnace is enriched with impurities during the 
slag-adjustment period (manganese, silicon, carbon). A layer of 
low-fusing fluid slag, containing 5-7% Si, 2-4% Mn, 52-54% W, 
is formed on the hearth. 

After the fettling of the hearth and electrode slipping, all available 
reverts and concentrate fines are charged into the furnace. The full 
amount of iron chips (as calculated for the beat) is charged at the 
beginning to speed-up refining, with the result that the alloy’s vis- 
cosity falls along with the decrease of the tungsten content in the 
latter. 

The concentrates arc charged in portions of 300-500 kg after the 
melting-down of iron chips and reverts and the heating of the fur- 
nace for 30 minutes. The first batch of concentrates is thoroughly 
hoatod. The approximate composition of the slag at that moment is 
given ill Table 50. 


Tabid 50 

Approximate Composition of Slag Following the Melt-Down 
of Iron Chips and Reverts, '^/o 


wo. 

IVO 

SJO, j 

MnO 1 

CaO 

MtiO 

A1,0, 

22.2 

19.6 

28.5 

13.8 

9.5 

2.7 

2.3 

35 . 04 

16.3 

27.8 

12.15 

7.6 

1.3 

2.42 

21.20 

16.51 

32.32 

10.8 * 

8.6 

1.3 

1.8 

18.70 

20.9 

32.4 

14.5 

10.5 

1.2 

2.3 

24.83 

23.1 

31.0 

8.8 

10.1 

0.6 

1.G7 


The process of alloy refining from silicon and manganese proceeds 
at the metal-slag interface. At the beginning, the oxidation of impur- 
ities proceeds at high speeds; then, as the silicon and manganese 
content descreases and the alloy is enriched in tungsten, the process 
slows down. The speed of the process in this particular case is de- 
termined not only by the temperature of the slag and concentrations 
of reactive components but by the physical properties of the alloy, 
i.e., by its fluidity. 
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A hot furnace run and shortening of down-time for fettling and 
electrode slipping are imperative for speedy alloy refining. The 
process of active refining usually ends with the intensive boiling 
of the bath, following which two or three samples are takeii to deter- 
mine the silicon and manganese content (by high-speed analyses). 
If tlie metal is up to the specifications, it is scooped out. 

Ferrotungsten is scooped out onto the working floor by steel spoons. 
Spoons with the alloy arc cooled in a bath with running water. 
After that the ingots are knocked out of the spoons and loaded into 
bins. Control of the quality of the metal during the scooping re- 
quires the ingot fracture to be periodically inspected iind ils quality 
determined by the following symptoms: a good sample — the lower 
surface is rough with smJiU hollows and protrusions, the upper 
surface wavy; the fracture is fine-grained and dull; samples with the 
high silicon and manganese content have a smooth lustrous lower 
surface and a silvery fracture with no visible grains. Tim carbona- 
ceous sample has an iridescent acicular structure and a smooth 
lower surface. 

An alloy poor in tungsten has a smooth upper surface and a macro- 
crystalline fracture. 

During the whole scooping-out period, silicon and manganese 
contents are checked repeatedly by high-speed analyses. The alloy 
is scooped from over the whole bath surface. 

Normally, approximately 70-75 kg of alloy are scooped per each 
portion of concentrates charged, this depending on the tungsten 
oxide content in the concentrates, the protective layer condition 
and the hearth level. Excessive scooping causes the furnace banks 
to molt down and may result in wall burn-ouls. An important thing 
iji the scooping-out operation is to keep the alloy heated and in paste- 
like condition, which facilitates this operation. To this end the con- 
centrates are charged by small batches (100-200 kg) during the scoop- 
ing-out period. Coke is al^o charged by small portions to keep the 
normal working .slag in slightly foamy condition; tlie slag contains 
approximately 11.18% WOg, 25.9% FeO, 33.9% SiOo, 15.8% MnO, 
10.8% CaO, 2.48% MgO, 2.74% AL.Og. 

The temperature of the slag may be adjusted by varying the charg- 
ijjg rate. The charging rate is normal when power consumption per 
100 kg comes to 260-300 kWh; the slag is quite viscous and foamy 
as a result of GO bubbles. Foamy slag has considerably higher elec- 
trical resistance and promotes deep penetration of the electrodes and 
more efficient heating of the metal. If the charging rate is slowed 
down or if there is not enough reducer in the mixture, the slag over- 
heats, its foaming decreases or stops entirely, the electrodes are high, 
the electric arcs are hare, and local hot-spots appear. Besides this, 
the concentrate charging rate is determined by the condition of the 
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alloy: if llie scooping of the alloy grows difficiiU the charging rate 
should be reduced; if the metal is overheated the rate should be in- 
creased (coke and concentrates should be fed more frequently). The 
charging of concentrates is stopped at the end of scooping. Coke is 
added to the slag by uniform batches to prepare for the adjustment 
of the slag. 

The aim of slag finishing is to drive down its tungsten contcj»t 
prior to tapping. Slag finishing is effected by ferrosilicon, with small 
amounts of coke being fed at a uniform rate. The degree to which 
the slag is impoverished is determined by the character of the frac- 
tures of the samples taken from the metal bath. Adequately impover- 
ished slag has a green fracture. As soon as a satisfactory sample 
is obtained the heat is held over for lO-lJS minutes to settle the met- 
al prills, and the slag is then tapped. The compositio]i of the final 
slag is approximately as follows: 0.22% WO 3 , 0.68 ?o FeO, 47.38 ?() 
SiOy, 24.01% MnO, 20.12% GaO. 

The taphole is lanced with oxygen or burned through with the 
aid of the electric tapper. The slag is poured into slag pots through 
launders fettled with sand. 

Twelve samples are taken at equal time intervals during the slag- 
tapping process to determine the tungsten trioxide content in the 
mean sample. The slag with WO 3 above 0.3% is resmclted; if it is 
16.SS, it is dumped. 

The hearth is fettled following the draining of the slag. Furnace 
walls arc luted up with semi-liquid metal from the hearth, as well 
as with metallic waste from ingot dressing and scooping. Following 
the fettling the electrodes are repositioned. The electrodes arc 
slipped up maximum 400 mm at one go. 

The following deviations from normal operating conditions may 
occur during the smelting process: 

1. The metal is high in silicon, manganese or carbon. An increased 
content of the above-mentioned impurities is a sign that the refining 
Avas run cold, its duration was insufficient and that the slag may 
have been poor at the time. 

To drive down silicon, manganese and carbon refining should 
be continued and scooping stopped. The charging of concentrates 
should be continued by small batches, and the slag should be suf- 
ficiently heated. If the slag is rich in tungsten oxide, no concentrates 
are to be charged, while the bath is to be adequately heated and the 
melt systematically poked. 

2. The metal is unmelted (“dirty”). The charging of concentrates 
onto unheated slag, excessive charging rate, etc., may cause the ap- 
pearance of unmelted metal or unmelted mixture of alloy with con- 
centrates. The formation of a rich, hard-to-fuse layer on the hearth 
prevents alloy refining and scooping. Further charging of concentrates 
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ill Lhis case enriches the slag and leads to excessive erosion of the 
furnace sides. Concentrate charging should bo discontinued to elim- 
inate the said effect and the hearth should he well heated. In 
very serious cases iron chips are to he introduced into the fur- 
nace. 

3. Irregular scooping from the bath surface and the cold run of 
the furnace (when the alloy melts chiefly iinderneath the electrodes) 
may load to the formation of metallic salamanders— “mushrooms” — 
which cause furnace trouble. In this case the electrodes become 
shallow^-positioned, the arcs are bare, power input is unstable. Bot- 
tom accretions arc eliminated by charging iron chips and ferrosili- 
con, as well as by intensified scooping. Pickling with iron ore or 
scales may be resorted to vdicn large accretions appear. 

4. Operation with very ricli slags may bring about the break-down 
of the batb. As the banks are fettled with a non-refined alloy the 
considerable amounts of impurities contained therein may react 
with the rich slags, and, as the result, the protective layer heats 
up and melts. The following stops should be taken in these circum- 
stances (depending on the degree of erosion): 

a) when the erosion of the sides is negligible small amounts of 
coke should be added to those spots where erosion is oiiserved; 

b) considerable erosion requires fettling with crusts and alloy 
taken from the hearth; 

c) when bath failure is imminent the power should bo turned off 
and the banks should be fettled with alloy waste and alloy from the 
hearth. 

5. Appearance of poor, silicon-bearing ferrotungsten is possible 
at slag tapping when the hearth has been frozen high. The slaghole 
level should be kept 100-150 mm above the hearth bottom to pre- 
vent the outflow of the alloy. 

A triangular pyramid made of iron chips and coke is erected 
underneath the electrodes ^rior to applying power after a down- 
time. The rate at which the power input is raised depends on the 
duration of down-time. If the electrodes are cooled down to the 
temperature of ambient air, the full load may be attained in three 
hours. 

The heating up of lining after a major overhaul is first effected 
with firewood, the flames being constantly kept long to bake the 
electrodes. Following the consumption of 20 m*^ of firewood in the 
course of four shifts, foundry coke is charged and heating is contin- 
ued for another four shifts. Further heating is effected by electric 
current. Prior to turning on the power 3,000 kg of ferrotungsten 
slag are charged into the bath and a triangular heap of iron chips 
and coke is made up underneath the electrodes to facilitate the power 
input rise. 
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Power is applied to the first voltage .tap (178 V). Baking of 
electrodes and heating up of the lining are effected in accordance 
with the following time-table: 


First shift 


Second shift 


Third shift 


2,350 A . . . 

. 1 Ijr 

Power off . . 

. 1 hr 

2,350 A . . . 

. 1 hr 

Power off . . 

. 1 hr 

2,940 A . . . 

. 1 hr 

Power off . . 

. 1 hr 

4,110 A . . . , 

, 2 hr.s 


Power off . . .2 hrs 
r),290 A .... 2 hrs 
Power off . . .2 hrs 
5,875 A. . . .2 hrs 


Total: 8 hrs 


Power off . . .2 hrs 
7 , 050 A . . . .2 hrs 
Power off . . .2 hrs 


Total: 6 hrs 


Total: 8 hrs 


During the last two hours of the third shift power input is gradu- 
ally increased to full load— 8,110 A. 

Throughout the lining heating-up period, concentrates and small 
amounts of coke are fed underneath the electrodes. Care is taken 
to prevent electric arcs from damaging the hearth bottom beneath 
the electrodes. 

In the fourth shift the furnace is operated at full load, without 
interruptions, with the concentrates and coke being charged at a 
low rate to melt up the metallic ingot. 

In the fifth shift and further on the furnace operates at full load 
without interruptions in smelting up the ingot. 

Iron chips arc added in the amount to produce a 75% W alloy. 

Following the accumulation of a sufficient amount of metal (--15 
tons) scooping is begun and the furnace sides are intensely fettled 
to form a metallic bowl. The heating up of the lining, accumula- 
tion of the metallic ingot and formation of ihe metallic protective 
layer take about ten days. 

Scooped fcrrotiingsteii is loaded into a dressing drum, where the 
ingot surface is cleared of slag. The drum is rotated for 40-45 min- 
utes. After the drum is unloaded, the heat is sampled to obtain a 
complete chemical analysis. Standard production is packed onto 
wooden or metallic tare. 

Specific raw-material and electric power consumption per basic ton 
of tungsten as well as tungsten recovery in the ferrotungsten produc- 
tion process are as follows: 


Tungsten concent rale (60%), kg 1,529 

Ferrosilicon 75%, kg 110 

Iron chips, kg . • 70 

Pitch coke, kg 115 

Anode paste, kg 75 

Steel rods, kg 55 

Electric power, kWh 3,500 

Tungsten recovery, %....'. 99.0 
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Aluminothermic Production of Ferrotungsten 

Ferrotungsten may also be produced without the use of furnaces, 
by means of tungsten oxide reduction by aluminium: 

V3WO3 + V3AI = V3W + V3A1203, 

WOo + V3AI = W -h V3AI0O3. 

The evolving heat is sufiicient to melt the mixture completely 
and to provide adequate metal separation from the slag. This meth- 
od is now used in the U.S.S.R. to manufacture ferrotungsten with 
a high tungsten content. 

In one of the Soviet smelfers ferrotungsten is smelted from scheel- 
ite concentrates by the aluminothermic method in an electric fur- 
nace. 

Ferrotungsten smelted by the aluminothermic metliod is up to 
specifications set in the U.S.S.R. (Table 51). 

'J'/ihlc 51 

Ferrotungsten Chemical Composition 


Chemical composltltjn. % 


Ora fie 

W 

Diinimurn 

Mn 1 

Cu 1 

" 1 

P 

c 

1 1 

Al. 1 

Mo 





maxim 11 in, 

) 



B1 .... 

85 

0.2 

0.1 

0.04 

0.03 

0.2! 

0.7 

3.0 

5.0 

B2 .... 

80 

0.2 

0.1 

0.04 

0.0;^ 

0.2 i 

0.5 

3.0 

G.O 


The mixture composition for aluminothermic smelting is as fol- 
lows, kg: 


SclicH'lite concentrate 2,500 

Primary aluminium graijis 500 

Iron chips 70 

Iron orti 30-'10 

Lime 50 


Lime is added separately following the melt-down of the mixture. 
Smelting is effected with bottom priming in an electric furnace 
hearth lined with magnesite brick. The mixture is fed to the furnace 
by a screw feeder. The duration of aluminothermic smelting is ap- 
proximately 30 minutes; the electrodes arc then lowered and the 
melt is heated by electric current for 30 minutes, after which slag is 
tapped. The metal and slag remnants are heated for an hour. Slag 
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with up to 0.5% tungsten trioxide is dumped, while richer slag is 
remelted. The bath is cooled for 16 hours, the metal ingot is recov- 
ered, cooled with water and dressed. 

Consumption of materials per ton of ferrotungsten by this smelting 
method is as follows: 


Ingot ahimiiuijrn, kg . . 

School i to, kg 

Iron oro, kg 

Klcctrodcs 150 mm, kg . 
Electric power, kWh . . 

Lime, kg 

Iron chips, kg 

Recovery of tungsten, % 


322 
1,550 
. 28 
22 
1,059 
14 
37. G 
97-98 



Chapter 6 

FERROTITANIUM 


Designation and Conipositi9n of Ferrotitanium 

Tilanium is used in Uic maTiufacliiro of stool as a rodiicer and alloy- 
ing cl omen I . 

By its reducing capacity, titanium is considerably superior to 
silicon and manganese and inferior ojily io aluminium and zirco- 
nium, though it has a number of advantages over tliem. These ad- 
vantages are that the products of litanium reduction have low molt- 
ing points and are readily reverted to slag. 

Titanium neulralises the nitrogen efi'ect upoji steel by bonding 
it into insoluble compounds. • 

Titanium is not used as an independent alloying olemoiit, but it 
is widely employed in combination with other elements. It combines 
with carbon in the manufacture of stainless and heat-resisting 
steels to improve their welding qualities and corrosion resistance. 
Steels treated with titanium or containing certain amounts of it 
usually i)Ossess higher mechanical properties, this being the result 
of efficient metal degassing and luiiform distribution of sulphur in- 
clusions. 

Titanium is used in the fopn of ferrotitanium, whose compositiojj, 
as specified by FOCT 47()l-r)4, is given in Table 52. 


Trib/c 52 


Chemical Composition of Ferrotitanium 





Clieiiiica 

coin i»o.si lion 



Grade 

Ti % 

c. % j 

Si 1 

,“j-riillo 

P. % 1 

s, % j 


Cu, % 


inlniiiiuiu 











inaxlmuiij 



TilO 

25.0 

0.15 

O.IS 

0,05 

0.05 

0.25 

3.0 

Till 

23.0 

0.15 

0.20 

0.05 

0.05 

0.27 1 

3.0 

Tii2 

23.0 

0.20 

0.28 

0.0« 

0.08 

O.^iO 

^j.O 
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Raw Materials 

Titanium occurs widely in nature and is a component of various 
minerals which contain its oxides. But only a few minerals are com- 
mercial: rutile, ilmenite, litanite (sphcne) perovskite. 

Rutile (Ti02) is a reddish mineral with up to 90% TiO^ in 
the ore. 

Ilmenite (FeO-TiOg) is a black mineral with metallic lustre. 

Both these minerals are found in tJie Urals. 

The chief raw materials for the production of ferrotitanium are 
complex iron-titanium ores — the titanomagiietites which contain 
ilmenite in combination with magnetic iron ore. The titanium diox- 
ide TiOo content in these ores varies from 4.5 to 16%. 

Concentrates with a composition corresponding to specified stand- 
ards are obtained by ore dressing (Table 53). 


Table 63 


Chemical Composition of Concentrates, % 


Conuioncnls 

I srade 

1 II grade 

1 III grade 

Iron oxide, maxim ium 

53.6 

53.6 

53.6 

Titanium dioxide, minirnurn .... 

42 

40 

38 

Silica, maximum 

2.5 

2.5 

4 

Moisture, maximum 

7 

7 

10 


Physicochemical Principles of the Smelting Process; 

Ferrotitanium Manufacturing Methods 

Titanium is one of the most widely distributed elements in na- 
ture: its content in the earth’s crust comes to 0.61%. 

Pure titanium is a metal grey in colour with a silvery lustre, pos- 
sessing the following physicochemical properties: 


Atomic weight 47.90 

Speci fi c gravi ty 4.61 

Molting point, ‘’G 1660 

Boiling point, ‘'C 3260 

Valence 2,3 and 4 

Intent heat of fusion, cal/mol 4,353 


Titanium forms two compounds with iron. 

Of these FeTi is a stable compound while FcgTi exists only in 
cemented carbide tool alloy. 
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With carbon titanium forms a stable carbide TiC, its beat of forma- 
tion being 57,000 cal. The melting point of TiC is 3100°C, its spe- 
cific gravity 4.25. 

With silicon titanium forms silicides Ti^Sig, TiSi and TiSig; 
of these the most stable is TigSi;,; its melting point is 2120“G. 

Titanium forms the following main oxides with oxygen: titanium 
dioxide TiOg, titanium oxide TioOg and titanium monoxide TiO. 
Lower oxides are basic in character; titanium dioxide is amphoteric. 
The properties of titanium oxides are shown in Table 54. 


Table 64 


Properties of Titanium Oxides 


Properties 

1 Oxi;Jo 

TiO, 

Tl,()s 

TlO 

Colour 

Specif j 3 gravity 

Melting point, 

Heat of loruiatioii, cal/iuol 

White 

4.20 

1850 

219.000 

Violet-black 

4.00 

2130 

375,500 

Cop per -red 
4.93 

2020 

135,090 


The high values of the heats of formation of titanium oxides are 
signs of their stability 

Titanium dioxide may be reduced by carbon in an electric furnace. 
The reductioji of titanium dioxide proceeds by stages, with the result 
that lower oxides form first. 

Since titanium forms a chemically stable compound with carbon — 
titanium carbide— the reduction of titanium oxides brings not me- 
tallic titanium, but titanium carbide 

TiO., + 3C -- TiC 4- 2CO. 

The resulting titanium carbide dissolves in the iron introduced 
into the mixture by iron chips or by ore; the alloy obtained is called 
ferrocarbon titanium. The composition of the alloys obtained is 
15-20% Ti, 5-8% G, 1-3% Si; the remaining percentage is iron and 
other impurities. 

Because of its high carbon content this alloy may be used for deox- 
idising or degassing carbonaceous steels; it is unfit as an alloying 
addition in the smelting of stainless and other special steels. 

The carbon content in the alloy may be lowered by the introduction 
of silicon; this binds titanium into stable compounds, titanium sil- 
icides. The alloy bears the name of silicotitaiiium and contains 
20-25% Ti, 20-25% Si and a maximum of 1 % C. A silicon-aluminium- 
titanium alloy may be obtained when part or the whole of quartzite 
in the mixture is replaced by bauxite; the composition of this alloy 
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is 30% Ti, 12-14% Al, 8-10% Si. Theso alloys £iiid limited use be- 
cause of the high silicon and aluminium content. 

1'itanium recovery in these processes averages 70-75%. 

The foremost method of ferrotitanium manufacture is alumino- 
thermic reduction, ^vllich proceeds as follows: 

3Ti02 -}- 4 A1 .r. 3Ti -I- 2A1,03. 

Ill the reduction of concentrates Iiy aluminium the iron oxides 
are reduced almost completely (99%), silicon by 80%, titanium 
dioxide by 70-75%. The titanium remains in the slag in the form 
of lower oxides (TiO and Ti^Oy), which arc hard to reduce. 

The chemistry oT concentrate reduction by aluminium is as follows: 


TiO^ + V 3 AI ^ Ti H 
SiOo -[- V 3 AI Si + 

2FeO -1- b'aAl ^ 2rV + %AW,; 

+ %Al - - V,Fo -f V.AI.O 3 ; 


~ \ /I =z 596 kcal/kg; 

— \J[ -- 973 kcal/kg; 

— 1/1 = 956 kcal/kg; 

— 1/1 = 1,280 kcal/kg. 


Titanium dissolves in iron in the process of ferrotitanium manu- 
facture and forms compounds of titanium with aluminium. This 
facilitates the flow of reduction reactions towards the formation of 
titanium and ineveases the carry-over of titanium into the alloy. 

Titanium monoxide, being a strong base, may form compounds 
with alumina and silica which act favourably upon the flow of reac- 
tions of reduction towards the formation of titanium monoxide. 
To counter the said process stronger basic oxides, capable of replac- 
ing TiO in its compounds with alumina, should be introduced into 
the mixture. GaO is usually used as .such a base. That increases ti- 
tanium reduction, but lowers the temperature of the jirocess and, 
consequently, augments metal losses in the slag (in the form of 
trapped particles). As a result, the positive effect of lime is lowered 
drastically. The optimum amounl of lime should average 20% of 
the aluminium weight. 

An ijicrease in the amount of aluminium in the mixture leads to 
a higher titanium carry-over to the alloy because this shifts the 
equilibrium of the reduction reaction of TiOa to Ti towards the for- 
mation of titanium. 

Hut it also ijicreases the aluminium content in the alloy. 

Prc-heatii)g of the mixture is of importance, for it allows iron 
ore additions to he decreased or even eliminated completely and, 
therefore, increases the titanium content in the alloy, decreases 
aluminium consumption and lowers the slag to alloy ratio as well 
as titanium losses. 

The pre-heating of the mixture increases the specific heat of the 
process by approximately 30 kcal/kg for every lOO^'C. 
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The optimum mixture pre-heatiiig Icmperaturo is 190-210T.. 
All excessive pre-heatiug temperature may lead to the oxidation 
of iron monoxide to oxide and thus may cause additional aluminium 
consumption and worsen operating results. 

The slag in ferrotitanium smelling is composed approximately 
of 10-12% Ti, 0.5-1. 2% SiO.,8-11% CaO,2-4% Mg(),0.7-1.2% FeO 
and 05-08% Al.^O,. Titanium in (lie slag is maijily in the form of 
lower oxides. The slag to alloy ratio is 1.5-1. 4. 

Smelting Technology 

Ferrotitanium is smelted by tlie aluminol liermic method in cast- 
iron sectiojial shafts up to 2 di in diameter and 1.0 m high; tiie walls 
fo the shaft are approximately 1)0 mm thick. I'he shafi is either 
mounted on a special carriage equip])ed with cast -iron stools or in- 
stalled on the shop floor. The slits in Ihe joinis ai(‘ Inted up with 
fireclay. The J)Oti:om is covered with a 200 to 250 mm layer of 
magnesite ])owder. 

The lower j)art of (he shafi (where the melled metal is collected) 
is lined with magnesite brick or wilh a 50 to IK) mm layer of cast- 
able magnesite refractory which is tampe<l in between the shaft’s 
walls and a special patlern made of roofing iron. The magnesite ])owi 
der usojI for Ihe lining of llie smeltijig shafi s should be heated to 
300-400'C. Ill some smelters tamjied shafts are used for smelting 
ferrotitanium. In this case the sliaft’s casing is maili' of 5 to 7 mm 
steel plafe while the walls are lined willi lamped magnesite powder. 
The tamping is 200-300 mm thick. 

A section of a ca-st-iron shaft is shown in Fig. 80. 



Fig. 80. Shaft for smelting forrotilanium; 

1 — cast-iron stool; 2 -snctional cast-iron shaft; 2 — pins with 
wcclKca for scltins: up shaft: 4— rimrs for the traiiS[)ort of the shaft 
by an overhead crane; 5 — pattern from roofing iron; fJ — magnesite 
powder filling 


14—1450 
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The mixture for smelting ferro titanium -is composed of ilmen- 
ite concentrate, aluminium grains, ferrosilicoii, iron ore and 
lime. 

The concentrates are delivered to smelters iu the form of powder 
with particles up to 1.0 mm in size. It is recommended to average 
concentrates, for concentrates from different deposits vary sharply 
in chemical composition. The concentrates to be smelted should 
have a sulphur content of not more than 0.05% and should be dried 
to zero moisture. Concentrates with a higher sulphur content arc 
subjected to oxidising roasting at 950-1050°G which oxidises sul- 
phur and eliminates it with furnace gases in the form of SOg. Tita- 
nium concentrate is roasted in rotating kilns about 25 m long and 
2.5 m in diameter; it is fired with cok6' and yields 120 tons of con- 
centrates a day. 

Calcine is screened through a 3-mm sieve to eliminate sintered 
lumps of concentrate, and is smelted while hot, thus making pre- 
heating of mixture unnecessary. 

Aluminium grains are manufactured from secojidary aluminium 
by pulverisation of liquid metal with the aid of compressed air; 
the grains should not exceed 3 mm and 85% of particles should be 
from 0.1 to 1.5 mm in size. 

» The main impurities in aluminium are silicon, copper, iron, mag- 
nesium, manganese and zinc. Silicon is a useful addition as it improves 
the reducibility of titanium from concentrates. This is explained 
by the fact that silicon, which partly replaces aluminium as a reduc- 
ing agent, lowers the AI 2 O 3 content in the slag, thus facilitating the 
reduction of titanium dioxide. Besides, together with titanium, 
silicon forms silicides, thus facilitating the titanium carry-over 
into the alloy. 

Iron and copper revert to the alloy without taking part in tlie 
reactions; magnesium, manganese and zinc are harmful because 
they lower the reducibility of titanium and worsen the quality 
of the alloy. 

The only iron ore used is the hematite which contains at least 
96% FegO^; prior to smelting it is dried to zero moisture and sieved 
through a 3-mm sieve. 

Lime should be freshly burnt (with the CaO content being mini- 
mum 90%) and crushed down to lumps of 3 mm in size (prior to its 
smelting crushed lime should not be stored for more than eight hours; 
the use of hydrated and slaked lime is inadmissible). 

Ferrosilicon, used as a silicon-bearing addition when working 
with low-silicon aluminium, should be free of foreign impurities 
and dried, and the size of its grains should not exceed 1 mm. The 
composition of the mixture is determined by charge calculations. 
A simplified charge calculation for ferrotitaniuin smelting is given 
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below. This estimate is similar to those used in the metallothermic 
production of other ferroalloys. 

Charge Calculations 

The calculation is made for 100 kg of ilmeiiiLc concciUrale. 

The assay of the mixture materials used for smelting ferrotitanium 
is given in Table 55. 

TaNe 56 


Composition of Mixture Materials 


Materials 

1 Comiioaltion. % 


TlO, 


1 Sio, 

1 

llmeiiitc corirontrate : 

! 42.0 

30. 0 

3.0 

ti; 

— 

Aluminium powder 

4.0 

CaO 

1.0 

1.5 

90.0 

Lime 

1)0% 

Fe,()3 

— 

— 

— 

Iron ore 

98% 

— 


— 


In determining the amounts of FeO and Fe 203 present in the 
concentrate it is assumed that the quantity of FeO in the concen- 
trate corresponds to the formula of ilmcnite FeO-TiOa, while all 
the remaining iron is in the form of FegOa. 

Two kg of ore should be used per 100 kg of concentrates in smelt- 
ing a pre-heated mixture and 11 kg in smelting a cold mixture. 

The amount of lime in the mixture averages 9% of the concentrate 
weight. 

Proceeding from smeller .practice, we assume that: 

1. 75% of TiOg is reduced to Ti; 12.5% TiOg to TiO (slag) and 
12.5% to TigOg (slag). 

2. 99% of FcgOg is reduced to Fe and 1% to FcO; 99% of FeO 
in the concentrate is reduced to Fe. 

3. 90% of SiOg is reduced to Si. 

4. A1 to Ti ratio in the alloy equals 0.25. 

5. Secondary aluminium powder is used as a reducer. 

Ferrosilicon should be added to the mixture when using low- 

silicon aluminium; this improves the reduction of titanium. Addi- 
tion of excessive amounts of ferrosilicon leads to a rise in the silicon 
content in the alloy, i.e., to production of grade Th 2 ferrotitanium. 

6. The amount of reducer in the mixture is assumed to be 110% 
of the theoretical amount necessary tor the reduction of titanium, 
iron and silicon oxides and for the carry-over of aluminium into 


14 * 
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the alloy. The excess of 10% of alumiiiiuin. is explaijied hy the fact 
that aluminium is used partly for the reduction of MriO, VgOg and 
other uiicalculatod oxides contained in the mixture, and hy the fact 
that lower oxides of iron partly oxidise to FC 3 Q 4 in the roasting 
process. 

7. With the exception of AlgO;, impurities in aluminium powder 
revert to the slag entirely. 

Let us determine the FeO and Fe./la assay in the concentrate. 
In accordance witli the formula of ilmenitc FeO • TiO^ the concen- 
trate contains: 


42.0 X un — d7.8 kg of FoO, or 40?/n; 
iron cojitained iji the 37.8 kg of FeO: 

37.8X~ = 29.4 kg; 

con tail led in the form of Fe^O^ : 

30-29.4 -().() kg; 

amount of Fe,, 0 ;, in (he concentrate: 

' = 9.44 kg. 

Oxides reduced from concenl rates and ores: 

Ti 02 to 7^i 

42.0x 0.75 -31.5 kg; 

TiOo to TioOy 
42.0 X 0.125 = 5.25 kg; 

TiOg to TiO 
42.0 X 0.125 - 5.25 kg; 

FeO to Fe 

37.8 X 0.99 - 37.4 kg; 

FCaOa to Fe 

( 2.00 X 0.98 + 6 . 6 ) + 0.99 = 8.5 kg; 
SiOg to Si 
3.3 X 0.90 - 2.7 kg. 

Aluminium required for the reduction of oxides: 
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TiOj + V,A1 = Ti + -/ 3 AI.P 3 
31.5x1^ -14.35 kg; 

41’i0.3 + ^'sAl = 2X120;, -I- -/s.AUOa 

.'•..25xS-0,59kg; 

2Ti02 -I- ^'aAl - 2TiO + ■-/ 3 AI 2 O 3 
^•25 X II -1.18 kg; 

2FeO + o/jAl 2Fo + "-/.,Al 203 
37.4* X — -9.35 kg; 

V3Fe.203 X- ‘‘/ 3 AI V 3 F 0 -I- =/3Al203 

Si02 + V3AI - Si -t- "/3AI3O3, 

1.04 kg. 

Total amount of aluminium required for the reduction of oxides: 

14.35+0.59-1-1.18-1 9.35 I 2d)6 I 1.04-30.07 kg. 
Aluminium reverted to the alloy; 

31.5 x"||x 0.25 = 4.73 kg. 

Total amount of aluminium necessary, including the 10% excess: 

(30 + 4.73) X 1.10 - 38.28 kg. 

Amount of aluminium powder necessary: 

38 . 28 / o c 1 

^-42.5 kg. 

Composition of the mixture, kg: 

Ilmciiito concentrate 100.0 

Iron ore /^‘r 

Aluminium powder 42.5 

Lime 


153.5 
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8. Weight and composition of the alloy: 


Ti 

Fo 

A1 

Si 

Cu 

Other impur- 
ities (2.5%). 


kg 

31. 5x15=18. 9 

36. Ox 0.99 + 42.5 x 0.01 =36.03 

4.73 

2.7 X =5+42.5 X 0.015 = 1.90 
()0 

42. 5x 0.04=-- 1.70 

1.74 


29.1 

55.5 

7.27 

2.93 

2.62 

2.58 


Total amount of alloy produced: 65.00 100.00 

Heat evolved in oxide reduction: 

TiO. -h V3AI - Ti + MI 47,600 cal; 

4TiOo d- V3AI = 2Ti A + V3AI0O3; A // = 141.800 cal; 

2TiO, + V3AI =-■ 2Ti6 + VgAiPa; MI 98,600 cal; 

2FeO + V3AI -- 2Fe + VsAlA; A// - 137,670 cal; 

VhFcA + ‘V 3AI - '/3F0 + V3AI2O3; A// - 136,500 cal; 

SiOg + V3AI Si + V3AI2O3; MI - 58,367 cal. 

Heat evolved in the reduction of 100 kg of ilmenite concentrate, 
kcal: 


TiO., 

to Ti 

. . 31.5 

X 

47,600 

80 “ 

18,774; 

TiO^ 

to TigO^ 

. . 5.25 

X 

111.800 

320 

= 2,326; 

Ti0.j 

lo TiO 

. . 5.25 

X 

98,600 

160 

3,239; 

FcO ( 

x)Fo 

. . 37.4 

X 

137,670 

144 

=35,754; 

F 02 O; 

, lo Fo 

. . 8.5 

X 

136. 500 _ 
107 

= 10,880; 

SiO., 

to Si 

. . 2.7 

X 

58,367 

6(.) 

= 2,627; 

Uiica 

Iciilatod oxides (10% 

of total) 



. 7,360 


Total heat evolved 80,960 kcal. 

Specific heat of tlie process: 
from reduction processes 

1m 3-=527 kcal/kg; 

from pre-heating of the mixture (to 200 °C) 

30 = 60 kcal/kg; 

Total: 527-1-60=587 kcal/kg, 
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whidi exceeds the 550 kcal per kg necessary for the metallothermic 
process. 

The weight of materials per heat depends on the size of the 
shaft and the smelting methods, and usually ranges from 1,500 to 
5,000 kg of concentrates and corresponding amounts of other 
materials. 

Mixture materials are accurately weighed and then thoroughly 
mixed. To facilitate the mixing of certain components, the materials 
are weighed in the following order: aluminium powder, lime, ferro- 
silicon and then concentrates and iron ore. 

In the proportioning process the temperature oJ[ the ilmenite 
concentrate should not exceed 600°G, since higher temperature 
may cause spontaneous ignition of the mixture. 

The mixture is mixed in ^rum-type mixers or by repeated charg- 
ings into special conical bins. 

Ferrotitanium is smelted with bottom primijig which ensures 
a more uniform flow of the process; from 200 to 400 kg of prepared 
mixture are charged onto the shaft bottom and ignited by means 
of a priming mixture composed of sodium nitrate, aluminium 
powder and electron turnings. The priming mixture is ignited by 
a red-hot iron rod or an electric spark. 

After the beginning of the aluminothermic process the remainder 
of the mixture is charged from a special hopper equipped with 
gale and a charging pipe; care is taken to ensure that the charge 
is uniformly spread over the whole shaft area and that tlie mixture 
is fed at a rate so that the melt surface is constanlly covered with 
a thin layer of it. The slow charging rate causes the uncovering of 
the melt surface and, consequently, increases heat losses. A too rapid 
charging of the mixture may lead to a higli content of aluminium 
in the alloy. 

The normal run of a heat is characterised l)y rapid and uniform 
consummation of reactions nver the entire melt surface and by uni- 
form evolution of gases during the heat. The heat lasts from 10 to 
15 minutes, depending on the weight of the concentrate. 

With lack of reducer, low specific heat of the process or insuffi- 
cient pre-heating of the mixture, the heat is cold, the reactions 
go slowly anti the consummation of the heat is delayed. 

The violent run of the heat with irregular evolution of gases and 
eruptions of mixture are a vsign of moisture in the mixture materials 
or in the magnesite filling. Poor mixing of materials may be the 
cause of the anomalous run of the heat. 

These deviations in the run of the heat may cause spoilage and 
lower performance results. 

Following the consummation of the heat, after a delay of 10-15 
minutes which is necessary to settle the metal prills, the slag is 
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drained in such a manner that the metal ingot remains covered 
with a layer of slag at least 100 mm thick. To make better use of 
smelting shaft volume, and to economise on refractories an inter- 
mediate tapping of the slag is sometimes effected, following the char- 
ging of •'’/4 of the whole amount of the mixture. The slag is tapped 
through a taphole in the side of the shaft after a 10-minute killing. 

An iron thermit mixture (settler) is sometimes added to the melt 
to facilitate the settling of prills in the slag. The mixture is composed 
of the following (at one of the smelters), kg: 

Iron "120 

Aliitnitiium powder 

76% ferro.silicon 

I.iino ^>0 

Following the heat, the thermit nrfixture is uniformly spread 
over the surface of the liquid slag. This keeps the slag overheated, 
thus promoting tlie settlement of metal inclusions, while the reduced 
iron from the iron-thermit mixture dissolves titanium and en- 
larges the metal particles as a result of which the recov'ery of tita- 
nium increases to 77%. 

Electric heating of slag in the aluminothermic smelting also 
helps settle the prills in the furnace crucible. After the consumma- 
tion of the heat, power is applied to the furnace and the settler 
(iron ore, crushed ferrosilicon and lime) is added by small portions 
onto the melt surface. Following the melt-down of the settler the 
melt is held under current for 15-20 minutes. This method secures 
a sharp decrease in aluminium consumption (approximately down 
to 400 kg per ton of alloy), but the recovery of titanium remains 
at 70-72%. 

The Lipetsk Ferroalloy Works has developed a method of ferro- 
titanium manufacture in a tilting closed bath with separate tapping 
of slag and metal. The slags are processed by a settler composed 
of iron ore, aluminium powder and lime to improve their fluidity 
and to make prills settle more completely. 

The heats are conducted with bottom priming. The settler is added 
after the heat, the melt is delayed for five-eight minutes, and the 
bulk of the slag is then drained. n r or 

The rest of the slag is processed with lime, heated to 600-800 G; 
lime is mixed with the melt and then tapped simultaneously with 
the metal. This slag is free from prills and separates itself readily 
from the metal. This method sharply increases productivity and 
saves on refractories and aluminium, especially when the slag is 
electrically heated. 

lExperimental heats, run in slagged steel ladles, have been con- 
ducted at the Aktyubinsk Ferroalloy Works in accordance with 
the followincr technoloffical flowsheet. 
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The mixture is added onto the slag left over in a ladle from the 
j)receding heat, and the usual melting procedure is followed. The 
slag crusts formed at the beginning on the ladle walls protect them 
from corrosion. After the consummation of the heat the slag is 
poured into another ladle, wdiile the metal, with a thin skin of 
slag protecting it against volatilisation, is teemed into moulds. 

The metal ingot oljtained in the shaft smelting is held over for 
eight hours inside the shaft, then cooled in water, smashed into 
lumps weighing less than 10 kg for grades TuO and Titl and maxi- 
mum 15 kg for grade Tii2, and after that packed into woodeji cases. 
Ferrotitanium is shipped to consumers hy heat hatches; the amount 
of fines passed through a 2.5-mm sieve should not, exceed 8%. 

The chemical composition of commercial feiTotitanium heats 
is given in Table 56. 

Table 50 

Chemical Composition of Commercial Ferrotitanium Heats 


Tl 

Si 

i 

A1 

C 

s 

P 

20.01 

3.48 

5.02 

0.10 

0.02 

0.03 

30.52 

3.32 

7.18 

0.08 

0.01 

0.03 

25.42 

4.(i() 

5.05 

0.05 

0.02 

0.02 


Recovery of titanium in ferrotitanium manulacture e(|uals 72%. 
The consumption of raw materials per basic ton of alloy (20% Ti) 
is as follows: 

Ilmciiite concentrate (38% Ti02) 

Secondary ingot aluniiniinn . . 

7r)% ferrosilicon 

Iron ore 

Lime 

45% ferrosilicon ........ 

The distribution of ferrotitanium according to grades (in % of 
the total amount manufactured): 

Th0--50%, ThI-35%, Th2-15%. 


1,2m) 

. 48.3 
. 10.5 
. 1 ) 0.0 
100.0 
. 7.1 



Chapter 7 

PRODUCTION OF FERROMOLYBDENUM 


Designation and Composition of Ferromolybdenum 

Ferroraolybdenum is an alloying addition which sharply raises 
the mechanical and physical properties of steels. 

The addition of molybdenum ensures uniform microcrystalline 
structure in steel, augments its hardenability and eliminates post- 
temper brittleness. Structural steels with 0.15-0.50% Mo possess 
greater impact strength, and that is especially valuable for the manu- 
facture of such details as automobile shafts, gears, rolls, etc. 

Molybdenum is used for the manufacture of high-speed steels, 
which are used for various cutting instruments— drills, milling cut- 
ters, cutting tools, etc.— capable of withstanding high-cutting speeds. 

Molybdenum is widely employed in the manufacture of stainless, 
heat-resisting and acid-resisting steels. 

The chemical composition of ferromolybdenum is specified by 
rOCT 4759-49 (Table 57). 


Table 57 


Chemical Composition of Fenomolybdenum 



Chemical composition, % 

Gratle 

Mo ' 
mini- 

c 

SI 

s 

P 

Rl) 1 

Gu 

1 Sn 










mum 



maximum 




Mol 

55 

0.10 

1.00 

0.10 

0.10 

0.05 

0.80 

0.05 

Mo 2 

55 

0.15 

1.50 

0.15 

0.15 

0.08 

1.50 

0.08 

Mo 3 

55 

1 

0.20 

2.00 

0.20 

0.20 

0.10 

2.50 

0.10 


Ferromolybdenum is delivered in lumps maximum 5 kg in weight; 
the admissible fines content (sieved through a 10-mm sieve) is 
lft%. Ferromolybdenum is packed in wooden cases or steel drums. 
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Raw Materials for Smelting Ferromolybdenum, Their Delivery 
Specifications and Pre-Smelting Preparation 

Ores. Molybdenum is the 37th element in occurrence among the 
elements making up the earth’s crust; its content in the latter 
comes up to 0.0003%. 

Pure molybdenum is not found in nature. The chief ore min- 
erals of molybdenum are molybdenite and wolfenite. Molybdenite- 
molybdenum sulphide M 0 S 2 — is outwardly like graphite, but is 
twice as heavy (sp. gravity 4.7). The pure mineral contains 59.95% Mo 
and 40.05% S. Wolfenite is a lead molybdate PbMo 04 (sp. gravity 
0. 7-7.0), yellow-orange in colour. The pure mineral contains 25.15% Mo. 

Molybdenum minerals are dissipated and their content in the ores 
is negligible. Ores containi^ig 0.5% Mo are considered to be commei*- 
cial; however, prior to metallurgical smelting they should be dressed 
to obtain concentrates rich in molybdenum. Their composition, set 
by rOGT 212-48, is given in Table 58. 

Table 6S 


Chemical Composition of Molybdenum Concentrates 




Impurities content, 

0/ 

/O 



OrarJo 

Mo 

minl- 

muDi 

SiO, 

1 1 

Sn 1 

p 1 

Cu 

Approximate use 



maximum 




KMl 

50 

5 

0.07 

0.07 

0.07 

0.5 

.ManijfacUirc of grade Mol 
ferromolybdenum 

KM2 

48 

7 

0.07 

0.07 

0.07 

1.0 

Maniifactiiro of grades Mo2 
and Mo3 lerromolyb- 
deiium 

KM3 

47 

9 

0.07 

0.07 

0.15 

2.0 


A raw molybdenum concentrate containing 37-40% S is subjected 
to oxidising roasting in multi-hearth roasters to eliminate sulphur. 
A multi-liearth roaster, shown in Fig. 81, is composed of iron cylin- 
drical shell i, lined internally with firebrick. Geiitral shaft 2, situat- 
ed in the cpntre of the roaster, is driven by an electric motor through 
a system of gears 3. Rabbles 4 with blades 5 are mounted on the 
central shaft. The raw concentrate is charged onto the first (upper) 
hearth of the roaster, then is moved by blades and then falls through 
openings in the hearths. At the end of the roasting process it is dis- 
charged through discharge opening 6*. A roaster at a 5-7 hearth 
level is shown in Fig. 82. 

Reaction of molybdenum concentrate roasting 

2M0S2 + 7O2 - 2M0O3 + 4SO2. 



3 

Fig. 81. Multi-hearth roaster 
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Oxidation of molybdenum sulphide with the formation of molyb- 
denum oxides begins at for a concent rate with particles less 

than 0.063 mm; with the increase in the size of particles to 
0.09-0.127 mm tbe temperature of spontaneous ignitioji rises ap- 
proximately to 500 T. 

The speed of the reactioji grows with the increase iji temperature. 
However, MoO.t possesses liigli volatility which increases with the 
temperature; therefore, tin? maximum permissilde roasting tempera- 
ture should not exceed 650-700 "C. 

The oxidising reactioji is attended by a considerable evolution 
of heat, and additional beal-ijig by gas is necessary only in the final 
stage of the roasting, when sulpliide contejit is n('gligil)le. 

Normal-run roasting conditions require adequate mixing of tlic 
material roasted, oxygen supply and removal of siilplmrous gases 
from the reactioji zojie by mcajis-of a forced drafi . Of major import ance 
for the normal run of tlie process are uniform cliai'giiig rate of tbe 
concentrate, cojistajit molybdenum or sulpbur conleul in lljo niix- 
ture and constant concentrate sizing (oxidation of molytnlenile in 



Fig. 82. Outer view-of a nniUi-hoarlh roaster at olli-7th 
hearth level 
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big lumps, with all other conditions remaining the same, is slower 
than in the case of dispersed particles with a greater reactive sur- 
face). If these conditions are observed the furnace yield amounts to 
110-120 kg of roasted concentrate per square metre of hearth area per 
24 hours. 

The furnace is charged with 600-840 kg of concentrate per hour, 
depending on its composition: 


ConcenlfQte without rcvorls 600-620 kg/hr 

Concentrate with rovorts from electric precipitators 

and flues (15-20o/o) ■ 690-710 kg/hr 

Concentrate with addition of concentrate discarded 
because of sulphur, and reverts from roaster hearth 

(I 5 - 2 O 0 / 0 ) 720-740 kg/hr 

Ditto (20-30%) 820-840 kg/hr 


Roasting operating conditions as to temperature should be as 
follows: 


Hearth number 2 3, 4, 5 6,7 8 

, Temperature, ®G 400 Up to 700 600-650 Up to 500 


The roasted concentrate is discharged continuously from the eigth 
hearth into a hopper (conveyor). 

\ roasted molybdenum concentrate assays approximately 80- 
90% M0O3, 3-8% FcO, 3-10% SiOg, 0.4-2.0% GuO, 0.05-0.15% S 
and 0.02-6.15% P. 

The roasted concentrate is divided into three grades, depending 
on its sulphur content: grade 1 with up to 0.09% S, grade 2 with 
up to 0.10-0.12% S and grade 3 with up to 0.13-0.15% S. 

If the sulphur content exceeds 0.15% the concentrate is discarded 
and reroasted. 

One of the basic factors determining efficient multi-hcarlh roast- 
ing is the roaster campaign. 

The roaster operation causes considerable wear of blades; accretions 
of concentrate formed on the hearth may force furnace shutdown. 

Prior to being smelted the roasted concentrate is crushed in roll 
or hammer mills. 

Reducers. A 75% ferrosilicon, with 76-77% Si for the first group 
and 77-78% Si for the second, is used to reduce the molybdenum 
and iron oxides introduced with the concentrate and iron ore. 

Ferrosilicon is crushed into 10 to 20 mm lumps and then milled 
to powder in a ball mill. Powder with grains over 3 mm is not smelt- 
ed. Moreover, aluminium powder manufactured from secondary 
aluminium and duralumin is used as a reducer to bolster heat evo- 
lution in the process. 

Aluniinium powder sizing should meet the following require- 
ments (as per technical specifications): 
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Size i mni . . . . 
” 0. 5-1.0 mm 
” 0.3-0. 5 mm . . 
” 0.3 mm . . . . 
Flour (— IQOmosh) 


. Up lo 5% 

. •• » 25 0 /, 

. Minimum 20% 
. Up lo 450/0 
. ” " 15% 


Iron-bearing materials. Iron ore is used as an iroji-bcariiig material 
and additional source of oxygon necessary for optimum mixture 
heat capacity. At the same time, iron ore is a fluxing material be- 
cause the iron oxide reverts partly to the slag and renders it more 
fluid, this being a necessary condition for the normal flow of the fer- 
romolybdenum smelting process. 

Iron ore should contain: Fe minimum ()5/o, P and S not over 
0.05% each. Iron in the ora should be in the form of Fe/);^. 

Prior to being used the ore is dried in a drum type drier (Fig. (S3). 



Fig. 83. Rotating kiln for ore drying 

Dried ore with particles larger than 3 mm is milled in a ball mill. 

Iron is partly introduced in the form of turnings (turnings of 
simple carbonaceous steels should contain no alloying additions, 
other than molybdenum). The turnings should be milled and the 
moisture and oil they contain should be eliminated. 

Fluxing materials. Fluxing materials — lime and fluorspar are 
used for slag fluidity. The GaO content in the lime should not bo 
below 90%, while fluorspar should not contain less than 90% CaF 2 
and not more than 5% Si02. Both lime and fluorspar should be 
crushed to particles 3 mm and less in size. 
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Physicochemical Principles of Ferromolybdenum 
Production Process 

Molybdenum is a silvery white metal with the following phy- 
sicochemical properties: 


Atomic weight 90 

Specific gravily 10.2 

Melting j)Oint, °C 2022 

Boiling point, “C 4800 

Latent heat of fusion, cal/g-aloin 0,000 

Specific h(‘at capacity at 2.'>°C, cal/g^C 0.005 

Valence 1 to 0 


Combined with carbon molyl)dennm forms two carbides — MogC 
and MoC. With silicoji molybdenum foims silicides MoSi.,, MogSig 
and MoSi. With oxygen molybdenum forms oxides MoOo, M 02 O 5 
MyO.} and unstable oxide MoO. 

Molybdenum Irioxide M 0 O 3 is met with in the smelting processes; 
it is a white powder with a greenish tint, which turns yellow when 
heated. Its specific weight is 4.09, its melting point 795X. From 
050X upwards MoOg volatilises readily. With sulphur molybdenum 
forms sulphides Mo.^Sg, Mo.^Sr, and M 0 S 2 . 

With iroji molybclenum forms alloys in any proportions. It is 
capable of giving solid-state compounds with iron — FeMo and Fe-Mo,}. 
Alloys with more than 50^0 of molybdenum possess high melt- 
ing points (for example, an alloy with 00% Mo melts at 1800"’G) 
which makes tapping of liquid metal quile difficult. 

Molybdenum oxides are chemically unstable ajid may be readily 
reduced by carbon, silicon ajid aluminium (Fig. 84). 

Molybdenum reduction by carbon: MoOg |-3G = Mo-l BGO, may 
be easily effected in an electric furnace. But it involves substantial 
losses of molybdenum, considerable electric power consumption and 
a number of difficulties in refining the alloy from carbon. Because 
of this, feiTomolybdenum is now produced by the silicothermic 
method. This melliod is distinguished by the fact that- silicon (added 
to the mixture in the form of ferrosilicon) is used as a reducer instead 
of carbon. 

The reduction of molybdenum proceeds as follows: 

VgMoOg + Si - “/ 3 M 0 -f SiOo + 88,000 cal. 

Here the specific heat of the process equals 710 cal /kg (the process 
is practically feasible with the evolution of 500 cal of heat per kg of 
mixture). 

The equilibrium of this reaction is strongly shifted to the right 
aiid it has been practically established that 99% of molybdenum 
oxides are reduced in the smelting process. 

Iron is introduced into the mixture partly in the form of iron turn- 
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ijigs and partly in llie 
lorm of iron ore. The oxi- 
dation of silicon by the 
oxides of iron ore is ac- 
companied by an addi- 
\ ional evolution of heat. 

Iron oxide in the ore is 
l educed by 48% to iron 
and by 52% to iron mon- 
oxide, while iron mon- 
oxide is reverted to the 
slag and promotes its 
fluidity. 

The silicon of gangue 
and the products of mo- 
lybdenum trioxide and 
iron oxide reduction form 
a highly siliceous slag 
which is remarkable for 
its high viscosity. 

Slag composed almost 
(oilirely of silica is 
highly viscous despite the 
fact that it is heated con- 
siderably over its melt- 
ing point. 

Motallothermic proc- 
esses result in the simultaneous formation (from the mixture) 
of liquid metal and slag which separate from each other as 
I he result of the settling of drops of metal contained in the 
slag. As these processes last a very short time and the temper- 
ature of the alloy falls rapidly, it is of utmost importance to obtain 
fluid .slags in order to prevent metal prills (droplets) from being 
trapped in the slag. This is achieved by introducing iron monoxide 
(contained in the iron ore, as mentioned above) and alumina into 
the slag. Tim latter is introduced into the slag by partly replacing 
the reducer — silicon— by aluminium. The reaction 

M 0 O 3 -f 2A1 - Mo -h AI 2 O 3 + 219,500 cal 

considerably increases the amount of heat, which raises the temper- 
ature and, consequently, lowers the slag’s viscosity. Besides, par- 
tial replacement of silicon by alumina in the slag reduces the latter’s 
viscosity too. 



toTuporatura 
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Technology of Smelting 

Composition of the mixture. Tlic mixture is calculated for 100 kg 
of concentrate. On (lie basis of smelting practice it is assumed 
that: 

1 ) the amount of iron ore equals 26 kg per 100 kg of concentrate; 

2 ) the amount of fluorspar and lime, depending on the nature 
of the concentrale, ranges from 4 to 6 kg. When working on concen- 
trates with a high content of alkaline metals, addition of fluxes 
may he omitted; 

3) Fe/);j iji the iron ore is reduced by 48% to Fc and ])y 52*^0 to 
FeO. It is assumed that FeO in the concejdrate is entirely reverted 
to the slag; 

4) tlic alurnijiium to silicon ratio in the mixture should be about 
1 to 10 ; the amount of aluminium powder per 100 kg of concentrate 
varies within the limits of 3. 8-4. 3 kg, depending on the molybdenum 
content in the concentrate. The maximum is taken when the concen- 
trate contains less than 54.5% of molybdenum, the minimum when 
the molybdenum content is above 56%; 

5) M 0 O 3 contained in the concentrate is reduced by 100% to Mo; 

6 ) the excess of reducer (75% forrosilicon) should not exceed 5%) 
o( the stoichiometric amount. 

Approximate composition of a charge is as follows, kg: 


MolylKlcMiimi concHMitrale 100.0 

7 5 % f orro s i 1 i (• 0 M 35.1 

Iron ore 20.0 

Iron turfiiiigs 10.5 

Fluorspar 2.0 

Lime 3.0 

Aliiinininrn powder 3.7 


Nine charge portions make up one mixture batch which is thorough- 
ly mixed in a mixing drum. Up to 36 charges arc required for one 
heat. 

Smelting procedure. Ferromolybdeiium is smelted in a lined cyl- 
inder— a smelting shaft (Fig. 85) mounted on a sand pedestal with 
recesses (“nests”) for the liquid alloy. The cylinder is lined with 
grade M-59 firebrick laid on edge. The “nest” is made of dry sand, 
and the thickness of a layer of fresh sand should not exceed 50 mm 
for each heat. Prior to installing the cylinder shaft on the “nest” 
the crust of the preceding heat should be removed from the lining, 
the taphole cleaned and the damaged lining patched up. 

The taphole is plugged with a viscous lute made of refractory 
clay and sand and a wedge brick is run into it; the clearance between 
the taphole sides and the key stone is filled with sand and tamped. 

Ferromolybdeiium is smelted with surface priming which decreases 
molybdenum losses. The prepared mixture is charged evenly all 
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over the shaft bottom in order to prevent its fractioning. The level 
of the mixture is approximately 300 mm below the upper edge of 
the cylinder. Two or three holes are made on the surface for the prim- 
ing mixture whicli is composed as follows, kg: 


Aluminium powder I'i 

Saltpciro f: 

Iron ore l.j 

tlloclron Uiruii^gs 0.2 


The priming mixture is ignited with a red-hot. iron rod. 

Prior to smelting, an evacuating hood is ijistallod over the sliaft 
and the exhaust A^cntilation is lurnod on. Normally the heat takes 
about 45 minutes. A plentiful concejitratod evolution of gases is 
observed at the fnrnacc-top jvhen the beat rims normally. 

When the furnace runs cold (feelde and in’cgular evoliilion of 
gases), aji exolbermic mixliire wilh an cxci'ss of reducer slionid 
be added 15 to 20 miniiles after priming. 

The mixture may be composed as follows, kg: 

I’dcclron lurniiigs O.n 

Aluminium ])o\vd('r li.-i 

Iron ore 

The total consumplioii of (be exothermic mixture slnnild not ex- 
ceed 15-20 kg, • 

When the furnace runs very hot, discarded alloy may l )0 added in 
the course of the heat; in normal coudiliojis resmelting of discarded 



Fig. 85. Smelting shaft. A forchcarth for catching alloy is seim 
on the launder 


15 * 
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alloy is permitted towards the end of the heat. The total amount 
of discarded alloy planned for resmelting should be calculated so as 
not to raise the silicon content in the alloy produced by more than 
0.3%. 

During the heat it is necessary to watch over the furnace lining. 
When hot-spots appear in the lower part of the shell they should 
immediately be covered with moist sand. 

The heat is held over for 40-50 minutes following its conclusion 
(to settle metal prills) so as to prevent molybdenum losses in the 
form of metal prills in the slag. Following this delay the slag is 
tapped through a forehearth which is meant to catch the alloy par- 
ticles. The slag is dumped if it contains no metal prills and its mo- 
lybdenum assay does not exceed 0.3%. The shaft is then dismounted 
and the metal ingot cooled in the nest for 6-7 hours. Slag granula- 
tion with subsequent magnetic separation is now practised common- 
ly* 

Table 59 gives the composition of a number of commercial heats 
of forromolybdenum. 

The chemical composition of the slags of commercial ferromolyb- 
denum heats is given in Table 60. 


Table 59 


Chemical Composition 
of Commercial 
Ferromolybdenum Heats, % 


Mo 

Si 

P 

s 

G 

Cii 

Ot.lG 

0.16 

0.033 

0.08 

0,04 

0.47 

(54. G7 

0.80 

0.046 

0.08 

0.10 

0.48 

59.51 

0.15 

0.036 

O.OS 

0.05 

0.52 

60.40 

0.93 

1 

0.04 

0.07 

0.05 

0.54 


Table 60 

Chemical Composition of Slags 
of Commercial Heats, % 


Mo 

SiO, 

FcO 

Al,0, 

CaO 

MgO 

0.06 

69.36 

6.98 

1 

12. G9 

7.59 

1.37 

0.14| 

66.56 

10.58 

10.96 

6.00 

3.31 

0.12 

68.72 

9.79 

12.41 

7.22 

1.25 

0.17' 

i 

69.90 

10.71 

10.03 

5.59 

0.91 


For final cooling the metal ingot is placed in a tank which is then 
filled with water. There the alloy cools down completely for six 
hours; after that it is crushed into lumps of not more than 5 kg, 
cleaiied and packed into steel drums. 

Production Control Methods 

No high-speed analysis of ferromolybdenum is made but the alloy 
is preliminary graded visually. 

The standard alloy has a- fine crystalline structure and dull frac- 
ture. The presence of lustrous “stars” in the fracture indicate 
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increased sulphur content. Lustrous fracture (“specular play”) is a 
sign of a high silicon content in the alloy. 

The slag of a normal technological process is characterised by the 
following symptoms: 

1) the slag forms threads at tapping and sampling; 

2) when cooled, the slag becomes vitreous and light blue (o dark 
in colour; 

3) the slag becomes moderately convex on solidification in the 
slag pot. 

The presence of liquid slag (which docs not form threads) and its 
dark colour on solidification are signs of an abnormab lechnological 
process and an elevated iron oxide content. In most cases the pres- 
ence of liquid slag characterises increased molybdenum and silicon 
content as well as alloy contamination by non-metallic inclusions. 

The presence in the slag of considerable amounts of metallic prills 
is indicative of high slag viscosity and requires correction of its 
composition. 

In all abnormal cases it is necessary to check the factors which 
determine correct technology and correct mixing of materials before 
taking measures for subsequent heats. 

Performance Results 

One of the most important factors of production efficiency is 
the recovery of molybdenum with an average of 98.0%. 

In the process of ferromolybdenum manufacture molybdeniim- 
bearijig reverts are available from the following sources: 

1) roaster dust which is recovered in electrostatic precipitators; 

2) dust which is formed in proportioning and mixing operations; 

3) burden mixture and slag ejected from t he shaft during the smell-' 
ing process; 

4) alloy dressing wastes^; 

5) brick of the shaft lining and “nest” sand containing semi- 
melted metal, rich slag and unsmeltcd mixture; 

6) slag containing over 0.30% Mo. 

Careful collection and full utilisation of the above-mentioned 
waste materials are of major importance for production. Dust waste 
is rcsmelted by the mctallothermic process. The remaining reverts 
areresmeltcd in an open three-phase electric furnace with graphitised 
electrodes at 210 V and 4,100 A. 

The furnace hearth, manufactured of 8-mm steel plate, is sectional 
and composed of two parts— the bottom and the cylinder. The hearth 
is lined with magnesite brick. The shell, after being assembled and 
lined with brick, is mounted on a carriage and wheeled in under 
the electrodes. 
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The process of ferromolybdenum msinUfactiire from reverts in 
an electric furnace is similar to the puddling process with periodic 
slag-off. 

Three to four mixture hatches are smelted in eight hours; each 
hatch comprises, kg: 


Rich slag and hearth material 3 j0-450 

Reverts from alloy dressing • 50-100 

Molybdenum concciilrate roasting waste (8 up to 2.0%) . . . 15-30 

Lime 80-100 

Magnesite brickbat 20-30 


After each slagging-off the hearth sides are fettled with magnesite 
powder. 

The smelting of a ferromolybdenum ingot weighing approximate- 
ly five tons takes four to five days, following which the hearth is 
wheeled out from under the electrodes, and the ingot is dressed. The 
alloy obtained contains usually 43-50% Mo with an impurities con- 
tent within the standard specifications; production of a standard al- 
loy as to molybdenum is also possible. 

Raw-material and electric power consumption per basic ton of 
erromolybdenum amounts to (resmelting of reverts included), kg: 


Molybdenum coiiceiilratc (51% Mo) 1,203 

Amount of molybdenum therein 638.5 

Iron ore 290 

Iron turnings 205 

75% ferrosilicon 365 

Secondary aliuniniiim in ingots 56.5 

Burnt lime 200 

Fluorspar 25 

Graphitised electrodes 7.7 

Goko gas, 700 

Electric power, kWh . 800 




Chapter 8 

PRODUCTION OF FERROVANADIUM 


Use of Ferrovanadlum 

Vanadium is one of the clemcnis whicli |)ossoss excellent deoxi- 
dising properties. It is also,used in the production of special steels. 
Ilecaiise of its ability to increase the strength and improve the plastic 
])roperties of steel, as well as to raise the I a tier’s resisLajice to attri- 
tioji and impacts, vanadium is widely used in I lie production of vari- 
ous structural, tool and spring steels. 

As a rule, vanadium is ijitroduccd in conibination with chrome, 
nickel, molybdenum, tungsten and other elemenls. 

Compounds of vanadium are widely used in various fields of na- 
tional economy: chemical industry, agriculluro, medicine, textile 
industry, lacquers and paints, etc. The bulk of vanadium output 
is consumed by ferrous metallurgy in the form of ferrovanadium, 
the composition of which, as specified by TOCT 4760-49, is given 
iji Table 61. 

Table 0 

Chemical Composition of Ferrovanadium (FOCT 4760-49) 


(Vnidc 



Composition. 


As 

V 

niiniinum 


SI 

P 

S 1 AJ 



inaxiniuni 


HI 

3.5 

0.75 

2.00 

0.10 

0.10 1 1.0 

0.05 

B2 

35 

0.75 

3.00 

0.20 

0.10 1.5 

0.05 

133 

35 

1.00 

3.50 

0.25 

0.15 2.0 

0.05 


Grades B;G and lh^2 ferrovanadium are used for alloying the most 
crucial grades of steels; Ba 3 ferrovanadium, grade with a higher phos- 
phorus content, is used for alloying pig iron and low-quality steels. 

Physicochemical Properties of Vanadium 

Vanadium (V) is a chemical element of the fifth group of the Men- 
deleyev Periodic Table of Elements. Vanadium was discovered in 
Mexico in 1801 but until 1830 was mistaken for chrome. Metallic 
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vanadium was obtained in 1869 by the action of hydrogen on vana- 
dium chloride with simultaneous heating. 

Its content in the earth’s crust amounts to 0.015%. The assay of 
vanadium in the earth’s solid shell is very low. 

Vanadium is a brittle, very hard metal, light-silvery in colour, 
with the following physicochemical properlies: 


Atomic wcij^^ht r)('.95 

Specific gravity 6.11 

Melting point, °C 1900 

Boiling point, °C 3000 

X^alenco 2 to 5 


Vanadium is stable in dry air at room temperature and oxidises 
rapidly at high temperatures. 

It is 100% soluble with iron in all proportions in liquid as well 
as in solid states. An alloy with 31% V has the minimum melting 
point of 1440°C. 

With carbon vanadium forms a number of carbides. The system 
has not been studied sufficiently. Vanadium carbides are very stable 
compounds and their melting points range from 2400 to 2800 °C, 
depending on the composition. 

■ With silicon vanadium forms silicides VSig, VgSi and, pfc- 
sumably, VgS.. 

With sulphur vanadium forms sulphides VgSg, V 2 S 3 and VS. 
With oxygen it forms a number of oxides: basic oxides VO, VyOy, 
amphoterous oxide VO.^ and vanadium pentoxide V3O5, an amplio- 
terous oxide with the predominance of acid properties. 

The formation of vanadium oxides from elements is accompa- 
nied by an evolution of heat. The stability of vanadium oxides 
increases with the decrease in the oxygen content per unit of vana- 
dium. 

Vanadium pentoxide VO is a greyish powder with specific gravity 
of 5.5 and a melting point of 1970°G. 

Vanadium trioxide VgOg is brilliant black in colour, its specific 
gravity is 4.84 and its melting point 1967 °G. When heated VgOg 
readily oxidises in the air to VO 2 . 

Vanadium dioxide VO 2 is bluish-black in colour, its specific 
gravity is 4.3 and its melting point 1545°G. 

Pentoxide V 2 O 5 is a powder, orange-yellow or brick-red in colon c, 
wilji specific gravity of 3.32, melting point of 675°G and boiling 
po^int of 2245X. Vanadium pentoxide serves as a raw material for 
the production of vanadium and ferrovanadium and is also widely 
used as a catalyst in the manufacture of sulphuric acid and other 
chemical products. 
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Although the vanadium content in the earth’s crust is high, va- 
nadium is considered to he a rare element as it is very much dispersed 
in nature. 

It is a component of iron titan-magnetite ores. The approximate 
composition of these ores is given in Table 62. 


7'ab/e 62 

Composition of Vanadium-Bearing Iron Ores 



[ Chemical composition, % 

Deposit 

FcjOs 

FcO 

v,o. 

TiO, 

SK), i 

Cr,0, 

Kusinskoye . . 
Pervouralsk . . 

Kerch .... 

34-38 

32-36 

Fc 

38 

28-:>i 

21-23 

0.G3-0.68 

0.5-0.60 

V 

0.07- 

0.08 

13-14 

4 

4-10 

12-16 

14 

0.5-0. 7 
0. 1-0.2 





Chemical composition, 



Deposit 


MnO 1 

CaO 1 

1 




A1,0, 



MgO 1 

P 

s 

Kusinskoye . . 

4-8 

0.2-0. 3 

2-3 

4-5 

0.01-0.02 

0.1 

Pervouralsk . . 

10-12 

0. 2-0.3 

5-7 

6. 5-7. 5 

0.01-0.02 

0.04-0.08 

Kerch .... 

8 

5 


0.4 

1.0 

0.2 


Technology of Ferrovanadium Manufacture 

The vanadium content in ores is low and for this reason the manu- 
facture of vanadium alloys is a combination of a number of metallurg- 
ical and chemical processes. 

Vanadium-bearing ore is used for smelting pig iron with 0.45- 
0.54% V. The next stage is the transfer of vanadium from pig iron 
to the slag iji an open-hearth furnace or, as a rule, by processing pig 
iron in a converter. Approximately 90% V contained in the pig 
iron is thus reverted to the slag. Vanadium in the slag is in the 
form of FcO-VgOg. 

Evaluated in Vjj 05 , the summary content of V 2 O 3 and V 2 O 6 aver- 
ages 12-14% in converter slags. In some instances it is worthwhile 
to recover vanadium directly by chemically processing the ores, 
without smelting vanadium-bearing pig iron. 

To recover vanadium from the slag it is necessary to turn it into 
compounds soluble -in water or in diluted solutions of acids. To this 



234 


Ferroalloy Technology and Production Methods 


end the converter slag is crushed and milled in ball mills; the metal- 
lic particles are then eliminated by magnetic separation. The trans- 
fer of vanadium to soluble compounds is effected by the oxidisation 
roasting of the slag at 770-820°C with alkaline additions. Sodium 
chloride and silvinite (NaCl+KGl) are used as alkaline addi- 
tions, the amount averaging 10-12% of the weight of the slag. The 
mixture is roasted in rotating kilns. 

As a result of roasting the bulk of V2O3 oxidises to V^Og and com- 
])iiies with alkaline additions, giving compounds soluble in water — 
sodium vanadates of the Na20*V206 type. Roasted slag is leached 
in special installations and insoluble particles are filtrated. 

Tlio filtrate, containing sodium and potassium vanadates, is acid- 
ified with sulphuric acid and heated. This results in the precipita- 
tion of technical vanadium pentoxide wiiich contains 80-90% V2O6. 
The precipitate is filtrated, dried and melted in dry-hearth furnaces 
at 700-750°C. Liquid vanadium pentoxide is poured onto a massive 
iron disc where it solidifies in the form of thin platelets. 

The recovery of vanadium from the slag averages 80-85%. Melted 
technical vanadium pentoxide has approximately the following 
composition: 85% V2O5, 2% SiOg, 6% Fe^Og, 1% CroOg, 1% AI2O3, 
1.5% MwO, 1% CaO, 0.7% MgO, 0.07»o P; the rest “is 

SMelting of Ferrovanadium from Vanadium Pentoxide 

Ferrovanadium may be obtained by the reduction of vanadium 
oxides by carbon, silicon and aluminium. 

The manufacture of ferrovanadium by the reduction of its oxides 
by carbon has not found wide application because vanadium is a 
carbide-forming element and the resulting alloy, containing 4-6% G, 
cannot be used for smelting low-carbon steels, for which ferrovana- 
dium is chiefly used. Gonsequently, the bulk of ferrovanadium is 
produced by the reduction of vanadium pentoxide by silicon and 
aluminium. 

The reduction of vanadium pentoxide by silicon proceeds as fol- 
lows: 


+ Si = VgV + Si02. 

The lower oxides V.^Og and VO formed in the course of the above- 
mentioned process attack silicon-giving vanadium silicates, which 
hamper the reduction process. To prevent that, lime is introduced 
into the mixture; this bonds silicon into stable compounds and hin- 
ders the formation of vanadium silicates. In the presence of calcium 
oxide the reduction reaction takes the following form: 

VgVoOg + Si -f- 2GaO = V5V + 2Ca0.Si02. 
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The reduction of vanadium pentoxide by silicon retiuires high 
temperatures and the silicothermic process of ferrovanadium manu- 
facture is, therefore, effected in closed electric furnaces of the steel- 
smelting type. Roof, hearth and walls of the furnace are lined with 
magnesite brick. The heats are run with the secondary voltage at 
210-220 V and power input at the transformer is 1,500 kVA. The 
furnace is equipped with graphitised electrodes, this reducing the 
transfer of carbon to the alloy. 

The mixture materials for the production of ferrovanadium by 
the silicothermic method are melted vanadium pentoxide, 75 ?o 
forrosilicon, soft iron cuttings and lime. Smelting is- done in two 
stages: reduction and refining. 

In the first period the estimated amount of iron cuttings is charged 
into a well-heated bath, ifower is applied and, as the iron melts 
down, a mixture of vanadium pentoxide with lime and forrosilicon 
is added, the amount of forrosilicon being in excess of the amount 
required. As soon as the mixture has melted down, the heat is killed 
to lei the processes come to completion. Following the delay, the 
slag is drained. The silicon content in the alloy at the end of the re- 
duction period reaches 15^6, while the slag usually averages 50-55 
CaO, 5-10% MgO, 28-30% Si02, 0.5% V. 

After the slagging-off, the alloy is refined from silicon; this re- 
quires the charging of vanadium pentoxide and lime. The vanadiuyi 
pentoxide contained in the slag attacks the alloy silicon, and as 
a result of that vanadium is reverted to the slag, while the silicon 
content in the alloy decreases. 

At the end of the refining period the alloy is sampled; the sample 
fracture permits to ascertain the silicon content in the alloy. 

Tlie final slag contains 40-45% CaO, 20-25% SiOo, 10-15% MgO, 
()-12% VgOs. This slag is returned to the furnace in the reduction 
period of the next heat. 

A negligible amount of • aluminium is added in the reduction 
period to promote full reduction of the vanadium contaimd in the 
slag. 

The approximate consumption of raw materials per toii of 40% 
ferrovanadium in an electric 

Melted vanadium pentoxide 

75% ferrosilicon 

Secondary aluminium . . . 

Lime • 

Iron cuttings 

Graphitised electrodes . . . 

Electric power, kWh . . . 

Hccovery, % 


furnace is as follows, kg: 

800 

4(J0 

90 

1.300 

370 

30 

1.500 

98.9';;, 
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The over-all recovery of vanadium from ore to ferro vanadium aver- 
ages approximately 54%. 

When organising production control emphasis should be laid 
on the leaching and precipitation of vanadium pentoxidc from its 
solution. 

The vanadium content in the slags should be carefully controlled 
’when smelting ferrovanadium in electric furnaces. Intermediate 
slagging-off is permitted provided the vanadium pentoxide content 
in the slag is below 0.5%. 

Ferrovanadium is teemed into vertical moulds and, when it has 
been cooled, dressed and packed in cases or metallic drums. Steps 
should be taken to cut .short alloy dressing losses. Siftings obtained 
in dressing and packing of ferrovanadium (slagged alloy lumps and 
metallic particles) are resmelted. 

Melters .should concentrate on eliminating vanadium losses in 
the production of ferrovanadium, as a low vanadium assay in the 
initial ores and its complicated winning methods are the cause 
of its high cost. 

In the aluminothermic process the reduction of vanadium i)cntox- 
ide is described by the reaction: 

-b V3AI = V,Y + 

« 

The reduction of vanadium oxides by aluminium is sufficiently 
complete. 

When reducing pure V 2 O 5 by aluminiiini the evolution of heat 
amounts to 1,038 cal per kg of initial materials. The composition 
of the mixture is as follows, kg: 


Molted pciitoxide 100 

Aluminium 46.1 

Iron cuttings 71.2 


The fusing crucibles used for the smelting process are lined with 
magnesite brick or manufactured entirely from metal. The crucible 
is mounted on a carriage. The smelting method requires the use of 
bottom priming with a uniform charging rate equal to the molting 
rate. Excessive charging may cause a violent flow of the process, 
accompanied by eruptions. Slow charging is the cause of the cold 
run of the furnace, and that results in lower vanadium recovery 
to the alloy. The recovery of vanadium in this process comes to 
92-95%. 

Reduction of vanadium pentoxide is sometimes effected in closed 
electric furnaces to bolster vanadium recovery; after the consum- 
mation of the initial process’ power is applied and the remaining 
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vanadium pciitoxidc is exposed to reduction by aluminium and car- 
bon for 1.5-2 hours, after which the alloy and slag are tapped. 

The aluminothermic method is capable of producing commercial 
vanadium (up to 97%) by the reduclioii of pure vanadium 
pentoxide by aluminium with the addition of calcium oxide or fluor- 
spar as a flux. Pure vanadium pentoxide is, in turn, produced by 
Ihe chemical processing of melted vanadium pentoxide. 

Pure vanadium is produced by the vacuum reduction of 
vanadium oxides by calcium or carbon. The metal produced by this 
method contains 99.3-99.5% V and is remarkable for high plas- 
ticity. 


Chapter 9 

FERRONIOBIUM 


Use and Composition of Ferroniobium; Raw Materials 

The addition of niobium to stainless and heat-resisting steels 
enhances tljoir plasticity and corrosion resistance. The introduclion 
of niobium in structural steels improves their welding properties, 
increases the strength and plasticity of steel and prevents tlie cor- 
rosion of tJie welding seams. Niobium is also introduced into steels 
with special physical properties. 

The composition of ferroniobium used for alloying steel is 
given in Table G3. 

'rahlf' 6 a 

Composition of Ferroniobium (as Specified by MllTV 2735-51) 



Chemical composition, % 

Grade 

NhH-Ta 


impurities, 

maximum 



C 

Si 

A1 

P 


Tl 


minimum 

1161 

50 

0.12 

10.0 

7 

0 27 

o.o:! 

7 

1161 

50 

0.20 

11.5 

7 

0^52 

o.o:, 

7 


Niobium is a comparatively rare clement, its content in the earth’s 
crust averages 0.001%. As a rule, it is accompanied by tantalum 
and, consequently, one always has to deal with niobium-tantalum 
ores. 

The most common minerals are the columbite (columbium is 
another name for niobium) (Fe, Mn)0(Nb, Ta)o 05 — a complex 
columbite, and tantalato of iron and manganese— and pyrochlore 
(Na,Ca)2.(Nb,Ta,Ti)2 (OJ),. 

Niobium is also contained in the mineral loparite which averages 

10% NbA- 

The niobium concentrate, .a mixture of minerals resulting from 
ore heneficiation, is used as raw material for the production of fer- 
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I’oiiiobiuni. The main iiiobiiim-beariiig mineral in Uie concejilrato 
mentioned is the pyrochlorc. According to technical specifications, 
the niobium concentrate assay should meet the requirements listed 
in Table 64. In addition to the admixtures mentioned in the (able, 
the niobium conceiitrato contains about /rOo. 


7'ab/e G i 

Composition of Niobium Concentrate 
(as Specified by 4123-54) 



C heni i <'a 1 ro iii jk t.si lion , 

alKsnltiU'ly dry iriallcr 

a 

Grail i: 

1 

(Nb4Ta),OB 

iniriinumi 

P 

. i<> 

SiO. 

(Nb 1 Ta)2()5 

. %. ralio, 

iiLa.viiMiiin 

TiO. 

6 o 

E ^ 
So 

KlI 

37 . t) I 

o.uu;’. 


0.00.3 

0.(HV» 

(I,: if) 1 

i. 1 

1.0 


Technical niobium pentoxide, obtained I)y cliemical proc(\ssing 
of niobium concentrate, is used along with niobium concentrate 
for smelting ferroniobium. The flow sheet of the process is shown 
ill Fig. 86. 


Physicochemical Principles 
of Ferroniobium Production Process 

Elemental niobium is a plastic metal, grey iji colour, with the 
following chief physicochemical projiertios: 


Aloiiiii: weight 92.91 

Specific gravity 3., ^>7 

Valence 2, 3, ■!, 5 

Melting point, '"C . 2''i15 

Boiling point, ®G 3300 

Ileal of fusion, cal ^i,773 

Specific licat rapacity at 20' G, cal/' C . . . 0.0(j''i3 


With iron, ‘niobium gives a compound Te.^iNbo which may dissolve 
a great amount of iron hut not riiohium. The melting fioint of 
commercial alloys, with 50-60% Nh, is equal approximately to 
1600°G. 

With carbon, niobium forms carbides of varying composition from 
NhC to Nb^G. The melting point of NhG is 3500-3800^"G. Hardness 
of niobium carbides is 9-10 Mohs which determines its use in the 
cemented carbide tool alloys. 

With oxygen, niobium forms three oxides: niobium pentoxide 
niobium dioxide Nb02 and niobium protoxide NhO. Nio- 
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Nb-Ia concentrate 300 rg 

Lixiviation m JOOkq ofHF* SOng ofH250^ 
(leu m le aching vat) 

I 

Boiling 

f 

Dilution (300 litres H^O) 

Decant ation 

I Sedi/ijent 

Filtrate • 

Lixiviation m 150 ng of HF 

Bo\inq 

\ 

Dilution (tfgO) 

Filtration 
\Nh *Ta ^ 


pit rate Resiaue 

Dilution m H^O (ap- 
prox. 90 gr Nbi 4 ' 
per 1 litre) 

BOH(i:l) 

laprecipitaiion 


Solution (Nb) 

.t. 


-Nti. 


Nb precipffatioH 

Fig. 86. Flowsheet of niobium 
peutoxide production 


bium peiitoxide NbgOj is an acid 
oxide and a fine crystalline pow- 
der, white in colour, with specific 
gravity of 4.55 and a melting 
point of 1460°C. 

Niobium dioxide NbOg is a 
powder, blue-black in colour; it 
is unstable and decomposes to 
Nb206 when heated. The most 
stable oxygen compound of niobi- 
um is the monoxide NbO. It is a 
black powder with specific gra- 
vity ..of 6.27. 

The character of niobium ox- 
ides varies from acid to basic witli 
a decrease in the amount of oxy- 
gon linked to niobium. 

Niobium pentoxide, as pointed 
out by Prof. V. P. Yelyutin, may 
be reduced by carbon, silicon and 
aluminium: 


‘^Nb^Ofi + 2C 


=V5Nb + 2CO; 

(1) 

+ iV5C--= 


=''/5Nl)C^-2CO; 

(2) 

+ Si - 


=<‘/6Nb + SiO„; 

(3) 

%Nb, 05 -l-V 3 Al=:. 


^VjNb + VaAlA. 

(4) 


Calculations show that those 
reactions are quite feasible and that the theoretic temperatures 
for the beginning of the reactions (1) and (2) are 1100°C and 890 °G 
respectively. Ferroniobium, however, is not manufactured with the 
use of carbonaceous reducing agents, for it is used for alloying 
steel with a low-carbon content and its saturation with carbon in 
the reduction reactions (1) and (2) is unavoidable. 

When niobium pentoxide is reduced by silicon, incomplete reduc- 
tion reactions occur along with its reduction to metal (with niobium 
reduced from pentoxide to lower oxides). The reduction of lower ox- 
ides by silicon is associated with considerable difficulties and leads 
to the formation of silicon-bearing alloys and high niobium slag 
losses. 

The highest niobium recovery is attained with the use of alumini- 
um as a reducing agent. Therefore, the alumiiiothermic method is 
employed commercially for the production of ferroniobium. 
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The reactions of ferroniobium smelting by the aluminotliermic 
method are as follows: 


^Nb.Os + V3A1= V5Nb + %A 1„03 
mo, + V 3 AI = Nb + ■■‘/sAljOa 
2NbO + V 3 AI = 2Nb + VSAI 3 O 3 
Si02 “f- V 3 AI = Si -|" ^/3Al203 
2FeO H- V 3 AI = 2Fc + VsAl^Oa 
TiO^ + VgAl^Ti + ^Al^Oa 
2Ti02 + V 3 AI == 2TiO + ^/^Al^Og 
VgFe^Og + V3AI - %Fe + V3AI2O3 


-1-81,470 cal 
+ 73,170 cal 
-f- 34,670 cal 
+ 58,367 cal 
137,670 cal 
+ 47,600 cal 
+ 98,600 cal 
-f- 136,500 cal 


The remaining oxides ari reduced at the same Lime. 

The following recovery coefficients (%) from mixture to the alloy 
may be assumed in charge calculations on the basis of operating 
practice: 


Niobium 98 (8% in the form 

of prills) 

Silicon 80 

Titanium 45 

Iron 99 

Zirconium 7 


In ferroniobium smelting the minimum specific lieat capacity 
of the process is equal to 720-740 kcal per kg of mixture. 

As a result of reduction the following amount of heat is generated 
per kg of oxide reduced: 


V^NbPe -f- V 3 AI - -k - 766 kcal 

SiOa -f- V 3 AI - Si -f 2 / 3 AI.P 3 — 973 kcal 
2FcO + V 3 AI - 2Fe + 2 / 3 AI 2 O 3 — 956 kcal 
TiO^ + V 3 AI Ti + '“/ 3 AI 2 O 3 — 596 kcal 
2 Ti 02 + V 3 AI =2TiO + VyAlgOg — 617 kcal 


VaFe^Oa + V3AI = VgFe -f — 1.280 kcal 

Consequently, the specific heat of the process equals approximate- 
ly 400 kcal per kg of mixture. 

An additional amount of heat is obtained as the result of oxida- 
tion of a supplementary amount of aluminium by saltpetre: 

GNaNOs + lOAl = SNagO + 3Na + 5Al,0^. 

Oxidation of aluminium by one kg of saltpetre generates 3,132 
kcal of heat. 

When calculating the charge the aluminium content in the alloy 
is assumed to be equal to 5.6%, while that of niobium — 62%; the 

16—1456 



242 Ferroalloy Technology and Prbduction Methods 


necessary additional amount of iron is introduced in the form of 
iron ore. 

Table 65 


Composition of Charge Materials for Ferroniobium Smelting 



When calculating the charge per 100 kg of concentrate and pro- 
ceeding from the assay of materials given in Table 65, the following 
calculated composition of the charge is obtained, kg: 


Niobium concentrate 100 Iron ore 8.2 

Aluminium powder 43.8 Sodium saltpetre 24.8 


A charge table drawn up on the basis of calculations and smelting 
practice (Table 66) is usually used for calculating the composition 
of the charges. 

In producing ferroniobium from siftings obtained by beneficia- 
tion of rich slag from ferroniobium smelling, Table 67 is used for 
working out the charge. 


Table 66 

Practical Table for Working Out the Charge for Smelting Ferroniobium 
from Pyrochlore Concentrates. 


Amount ol mixture materials, kg 


(Nb+Ta)iOa content In the 
concenlrates, % 

concentrate 

aluminium 

powder 

saltpetre 

Iron ore 

50-48 

100 

46-45 

2i-23 

10-9 

48-46 

100 

45-44.5 

24-23.5 

10-9 

46-43 

100 

45-44 

25-24 

9.5-9 

43-40 

100 

44.5-44 

25.-5-25 

9-8.5 

40-37 

100 

44-43 

26-25.5 

8.5-8 
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Table 67 


Table for Working Out the Charge for Smelting 
Ferroniobium from Sifting 


Assiiy of the metallic fraction 
in the siftings, % 

j Amount of nixlure materials, kg 

siftings 

aluminium 

powder 

1 

saltpetre 

10-15 

500 

215-205 

300 

15-25 

500 

180-170 

250 

25 

500 

11.5-i;i5 

' 200 


When commercial iiiobiu^i pentoxide is used, the charge is com- 
posed as follows, kg: 


Commercial niobium pentoxide KK) 

Aluminium powder -18.5 

Iron ore 18-20 

Sodium saltpetre 11-13 


Smelting Technology 

The concentrate is thoroughly dried and inilhul ijilo particles 
less than 2 mm in size. The aluminium powder is pr(‘i>arcd from 
virgin aluminium; its sizing should be as follows: 


Size < 0.1 mm 0. 1-1.0 mm 1. 0-3.0 mm 

Content, % <10 >80 < 10 


Hematite ore containing from 67 to 69% of iroii is dried and 
sieved through a 2-mm sieve. 

Saltpetre should be white in colour and contain approximately 
98% NaNOa. Before being* used it is dried and sieved through a 
2-mm sieve. 

The charge is carefully weighed and mixed in a drum mixer for 
approximately 30 minutes. 

Ferroniobium is smelted in sectional cast-iron shafts with 50 to 
60 mm side walls. The shaft is installed on a carriage and the seams 
are luted up with refractory clay. The bottom is then tamped with 
a layer of approximately 150 mm of magnesite powder, upon which 
a course of magnesite brick-on-the-flat is laid. 

The inside of the shaft is lined with magnesite brick and the seams 
are filled with magnesite powder to prevent carbon pick-up from 
the cast-iron shaft. 

The smelting of ferroniobium is practised with bottom priming. 
The heat lasts approximately one minute if the charge weighs 1 ,500 kg. 

16 * 
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The heat is kept in the shaft for not less than three hours, after 
which the shaft is dismantled while the alloy ingot is kept in the 
car for another three hours, When it has been cooled, the ingot is 
dressed: slag is conveyed to a special slag dump (its mixing with 
the slag from other processes is to be avoided), while the alloy is 
crushed into lumps of up to 10 kg in weight, cleaned and packed in 
metallic drums. 

The chief efficiency factor in ferroniobium smelling is the recovery 
of niobium, for its cost comes to approximately 92% of that of alloy 
manufacture. 

At present, recovery of niobium fluctuates around 90% with raw 
materials consumption per basic ton of alloy (50% Nb) being as 
follows, kg: 


Niobium coiicoiitrato 2,500 

Primary aluminium 930 

Iron ore • 170 

Sodium saltpetre 750 



Chapter 10 

ZIRCONIUM FERROSILICON AND FERROBORON 


Zirconium Ferrosilicon 

Zirconium is used in metallurgy because it is an excellciiL steel 
deoxidiser. Moreover, zirconium paralyses Iho noxious effect on 
steel by nitrogen and sulphur by bonding them into stable compounds. 

Zirconium is added to steel in the dorm of zirconium ferrosili- 
con which, according to technical specifications, should not contain 

less than 40% of zirconium and have the ^ ratio of not over 0.55 

At 

Al 

and the ^ ratio equal to 0.20. 

It is quite a widely occurring clement, its content in tlio eartl^’s 
crust being equal to 0.02%; zirconium ore reserves in the U.S.S.R. 
fully ensure industrial needs in zirconium and its alloys. 

Zirconium possesses the following chief physicochemical proper- 


ties: 

Atomic woight 91.2 

Specific grawty 9.5 

Valence 2 .\ 

Melting point, °C 2000 


With iron, zirconium gives a stable compound Fo.^Zr; with car- 
bon, zirconium gives a stable carbide (with composition varying 
from ZtC to ZrgC), which is unavoidably present when zirconium 
is reduced by carbon. Zirconium gives a number of silicides with 
silicon: Zr 4 Si, ZroSi, Zr-jSig, Zr 4 Sig, ZieSi^, ZrSi and ZrSig. Zir- 
conium forms three oxides wdth oxygen: ZrOg, ZrgOg and ZrO. 
Zirconium oxide ZrO. is the best known; it is an amphoteric oxide, 
being a powder white in colour, with a melting point of 2800 °C. 

Zirconium occurs in nature in the form of various minerals, 
among which commercially important are zircon, baddeleyite and 
eudialyte. Most wdde-spread is the mineral described by the formula 
Zr 02 Si 0 . 2 , named zircon. 

A concentrate with the following composition: 58-66% ZrO^, 
31-38% SiOg, 1-4% FegOg and up to 5% TiOa, may be obtained 
as a result of beneficiation. 
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When reducing zirconium dioxide by carbon two parallel reactions 
occur 

ZrOa + 2C = Zr + 2CO; 

ZrOa + 3G = ZrC -f 2CO. 

The temperature at the beginning of the above reactions is re- 
spectively 2170°G and 1500°G, which testifies to the predominant 
flow of the second reaction; thus in reducing zirconium oxides by 
carbon it is impossible to obtain a low-carbon, low-silicon alloy. 

The presence of silicon hampers the formation of zirconium car- 
bides and zirconium fcrrosilicon is, therefore, smelted in order to- 
produce an alloy low in carbon. 

Low-percentage zirconium ferrosilicon (up to 30% Zr) may bo 
smelted by a continuous process in an electric furnace with carbon- 
reducing agents. In this instance, the charge is made up of zirconium 
concentrate, quartz and charcoal. 

Silicon may be introduced into the alloy in the form of 90% fer- 
rosilicoii; when this is done quartz is not added to the charge, while 
the amount of carbon is calculated for a complete reduction of zir- 
conium oxides and iron. Lime is used as flux. This method may give 
an alloy with 40-45% Zr, 40-45% Si and 0.2% G. The recovery of 
zirconium then amounts to 50-60%, electric power consumption is 
15,000 kWh per ton of alloy with a mean zirconium content of 45%. 
Aluminium may be used as a reducer; in this case the. reduction 
reaction is as follows: 

3ZrO, -f 4Al = 3Zr -f 2AlaO,. 


Ferroboron 

Addition of boron to steel has become common practice. This 
enhances the mechanical properties and hardenability of steel. 
Boron is added to steel in negligible amounts (0.0025-0.0030%) in 
the form of ferroboron and ferroboral. Moreover, boron is employed 
in metallurgy as a strong deoxidiser. 

According to existing technical specifications Soviet industry 
produces ferroboron of the following composition (grade Bl): 
^ 5.0% B, 3.0% Si, 5.0% Al, 0.25% C. 

The composition of ferroboral is given in Table 68. 

Boron occurs widely in nature, its content in the earth's crust 
being 0.01 % . The most common minerals of boron are boracile 
Mg 7 Gl 2 Bi^ 03 o and ascharite MgHBOg. Reserves of borates avail- 
able in the Soviet Union meet fully the requirements of the national 
economy. 
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Table 68 


Ferroboral 


Grade 

Chemical composition,* /* 

i ® 1 

Si:B 

1 A1:I3 


BAl 

4.0 


1.0 


1.3 

BA2 

3.6 


1.3 


1.5 


Boron is characterised by the following physicochemical proper- 
ties: 


Atomic weight 10.82 

Specific gravity 2.3 

Melting point, ®C 2300 

Valence 3 and 5 


With iron boron gives iron borides FejjB and FeB. With carbon, 
boron forms boron carbide B^G with hardness almost equal to that 
of a diamond and with a smelting point of 2400-2450°G. With alu- 
minium, boron forms aluminium borides the composition of which 
is AlBg and AlBig. With oxygen, boron gives a number of oxides: 
B203» B^Og, B.^02, and B4O3. 

Ferroboron may be produced by the reduction of boron oxides 
by carbon in the presence of iron in an electric furnace. The reduction 
of boron oxides by carbon may be represented by the reaction 

B2O3 + 3G = 2B + 3CO. 

The theoretical temperature for the initiation of this reaction 
is 1836X, but it is more probable that the reduction of boron stops 
at boron carbide 

2B203^-f 7G - B4G + 6GO. 

As boron carbide is a very stable compound, alloys produced by 
the above method unavoidably carry some carbon. 

The reduction of boron by aluminium is facilitated by the presence 
of iron bec&use it helps form iron boride FeB which permits obtain- 
ing an alloy low in aluminium* The reaction of boron reduction is 

B2O3 + 2A1 +2Fe = 2FeB + AI2O3. 

The aluminothermic process is at present the main method of 
ferroboron production. The mixture is approximately of the follow- 
ing composition, kg: 

Borate ore 

Iron ore (hematite) 

Aluminium (powder) 71U 
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Boron recovery to the alloy averages approximately 50%. 

Rich ferroboron with 13-14% B and 5-6% A1 (boron recovery 
being 58-65%) may be produced with potassium chlorate as a ther- 
mit addition. 

It is worthwhile to smelt ferroboron in an arc furnace with alu- 
minium acting only as a reducer (no aluminium is provided for the 
reduction of thermit additions) as long as the lack of heat is com- 
pensated from electric power sources. Ferroboron with 12-13% B, 
3-4.5% A1 and 3-4% Si and with boron recovery of up to 50%, has 
been produced in trial heats. Saving of aluminium, as compared to 
the shaft-smelting method, amounts to 36-40%. 



Part III 

PRODUCTION METHODS 


Chapter 1 

COMPOSITION AND LAYOUT OF SMELTERS 


The composition and type of smelter shops, organisation of raw- 
material supplies and the works layout are determined by a plant’s 
productivity and the planned grades of alloy output. For example, 
if a plant produces only silicon or chrome alloys, one common stock 
yard will suffice even if there are several smelter shops. On the oihor 
hand, when smelting several different alloys, even in one smelting slfop, 
two separate stock yards should be organised to ensure the purity 
of raw materials. 

The plant should include a complex of auxiliary shops: mechani- 
cal, electrical, transport, laboratory, etc., which are necessary for 
the continuous operation of smelter shops, spare parts supj)lics, 
repairs and delivery of materials. It should he pointed out that de- 
liveries are an integral part of the technological processes and their 
uninterrupted operation is imperative for the normal flow of the 
production process. The plant should bo provided with necessary and 
appropriately equipped warehouses and sites to store minimum 
reserves of raw and auxiliary materials (refractories, sand, clay), 
in the absence of which normal plant operations are impossible. 

WorkshopVfor the manufacture of electrode shells and tare should 
be provided for in the plant layout. 

Lime-burning shop is to be included if the plant produces alloys 
with lime as a flux. Power supply of the w^orks is ensured either 
directly by an electric pow’^er station or by substations and electric 
systems. 

The cooling systems of furnaces and granulation installations use 
water. Water supply should be faultless as an interruption may 
cause serious failures. 
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Part of the water is usually circulated (to economise on fresh 
water supply) through sprinkling basins or cooling towers, and then 
returned to the furnaces. 

Water is passed through settlers and chemically purified to pre- 
vent the water-cooling systems from scaling. These operations are 
performed by the water-supply workshop. 

The arrangement of separate shops depends on local conditions. 
It should ensure the shortest possible routing and conform with 
sanitary and fire-hazard regulations. 

Special consideration should be given to the rational laying of 
railway tracks, which should have the minimum of curves, crossings 
and inclines. All crossings should be provided with flooring and 
equipped with lifting gates where traff'C is heaviest. 

The work site should be provided with a drainage system, covered 
with asphalt or paved, lighted and planted with trees or shrubs. 

Composition and Layout of a Ferroalloy Smelting Shop 

The chief factors to be thoroughly weighed prior to the choice 
of the type of ferroalloy shop and its layout are: 

1) planned output; 

2) character and amounts of materials to be stored; 

3) pre-smelting preparation of raw materials; 

4) handling of prepared charge materials, their storing and pro- 
portioning; 

5) charging methods; 

6) teeming methods; 

7) handling of ferroalloys and slags, dressing and storing of fer- 
roalloys; 

8) appropriate working conditions. 

In accordance with the above a ferroalloy shop should have the 
following main sections: 

1) stock yard; 

2) materials preparation section (it may be part of the stock yard); 

3) depot for prepared mixture and its proportioning (usually sit- 
uated ill the smelter building, though it may be part of the stock 
yard); 

4) smelter shop; 

5) slag yard; 

6) alloy dressing and storing floor. 

Stock yard. When selecting the site for the stock yard one must 
aim at minimising the route of the materials from the stock yard 
to the furnaces; besides, one should provide for the possibility of 
future expansion not only of the smelter shops, but the stock yard. 
This problem may be solved in a number of ways. In one instance. 
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the smelting shop and the stock yard are situated parallel to each 
other and the materials are conveyed through a perpendicular 
inclined gallery. This is convenient when supplying a number of 
smelter shops from one stock yard. 

In another instance, the materials depot, mixture preparation 
section and smelter shop are arranged in a row so that all materials, 
from raw stock to finished ferroalloys, move along a line parallel 
to the axis of the building. Such a layout considerably increases the 
route of the materials inside the shop. 

In shops smelting ferro tungsten, ferromolybdenum, etc., where 
the volume of production and, consequently, the need in raw ma- 
terials is relatively low, the stock yard is arranged as an aisle of 
the smelter shop, although yiis impairs the ventilation of the smelt- 
er shop. 

A stock yard should be sheltered. In rigorous climatic conditions, 
it should have heated floor space for mixture preparation. 

Either of the following two types of stock yards is used in ferro- 
alloy works: the bin typo, with underground bins, in which rail- 
way cars come to the bins and the material is discharged below 
onto a belt conveyor through special bin gates; the bedding type, 
with beds situated below the floor level (railway tracks are situated 
on the floor level), where further material conveyance is ensured by 
overhead bucket cranes. . ' 

The first type of storage is somewhat more convenient to oper- 
ate, though considerably more expensive to build. 

The volume of bins for storing raw materials is determined by 
shop productivity, the distance of the plant from the sources of sup- 
plies and periodicity of their delivery. 

The bins should be so situated as to preclude the possibility of 
mixing materials iu the course of unloading and conveying opera- 
tions. Usually, the stock yard is a two-aisle structure. 

The construction and equipment of the mixture preparation sec- 
tion are determined by the diversification of the alloys smelted and 
by the shop’s output volume. For example, the burden preparation 
section in a ferrosilicon shop has two routes: for quartz and for coke. 

The former is equipped with washer drum, crushers (preferably 
of cone type) and screens. 

The latter includes roll crushers, vibrating screens and a drying 
kiln for drying fine coke to a predetermined moisture content. 

A special crusher should be provided for handling metal turnings. 

All mixture preparation operations should be mechanised and, 
wherever possible, automated. 

Raw-material conveyance to the smelting shop may be solved 
by belt conveyors, elevators, telephers or skip hoists, depending 
on the character of the materials handled. Generally used are belt 
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conveyors, installed in a housed gallery (tt \’0 conveyors should be 
made available for continuous operations). 

A ladle hoist may be used successfully, this being a simple and 
reliable mechanism. 

Smelter shop. A smelter shop consists of transformer, furnace and 
teeming aisles (Fig. 87). 

The transformer aisle of a sme Iter shop is a 6-m wide four-storey 
structure. The furnace transformers, oil-coolers and oil breakers 
are situated on the ground floor at the Tl.O-m reference mark; 
control panels, rest rooms, etc., are installed on the first floor at 
the +5.0-m level; the second floor, between the +13.0- and +20.0-m 
marks, is occupied by mixture bins (proportioning bins); the hori- 
zontal conveyors which distribute mixture materials to the bins 
(the materials from the stock yard aTe conveyed by an inclined 
conveyor) are on the third floor. 

Raw materials are dumped into metallic or concrete bins from 
horizontal conveyors by trippers. The proportioning bins should 
hold at least 24 hours’ supply; this helps to organise one-shift 
operation of the stock yard. The bins are either metallic or concrete. 
Their gates arc equipped with vibrating feeders powered by electro- 
mechanical drives. 

The mixture is convoyed from the proportioning bins to tho fur- 
necc hoppers by means of a proportioning monorail grab bucket 
crane. The latter is equipped with weighing scales and provided 
with push-button control and a device which opens the bucket over 
the required furnace hopper. 

The installation of tho transformer on the working-floor level, 
as well as its disposition to the furnace aisle, allows to shorten the 
low-voltage circuit and cut down electrical losses. 

When the transformer is installed on the furnace floor the trans- 
former aisle is unnecessary, for the furnace can be charged with the 
help of an overhead electric crane equipped with bottom-drop 
buckets, which are conveyed with charge portions from under the pro- 
portioning bins. The proportioning bins are located in the stock 
yard which, in this case, is usually contiguous with the smelter shop. 
It is recommended to convey mixture batches with the aid of skip 
hoists onto a monorail crane which transports them directly to fur- 
nace hoppers. 

The furnace aisle consists of several storeys, which house furnaces^ 
working floors and platforms for furnace servicing, electrode joint- 
ing, mixture proportioning and electrode hoisting winches. 

The furnace foundations are at shop-floor level. The working 
floor intended for furnace-top operation is situated at the +4.5- 
5.0-m level; furnace hoppers, working decks for anode paste discharge 
and electrode shell joint-making, as well as the working platforms 
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for ventilation fans and, sometimes, electrode positioning winches, 
are arranged on the second floor, at approximately the +13.0-15.0-m 
level. In some cases the winches are installed on a special platform 
at +20.0-m level. 

Sometimes overhead cranes, used for electrode jointing, roclamp- 
ing and furnace charging, are made available over the electrode 
platforms. 

To ensure unhampered operation of furnace mechanisms and provide 
normal working conditions the width of the working platforms should 
not be less than 18 m for larger furnaces and 15 m for smaller ones. 

Working platforms are provided with balconies projecting over 
the teeming aisle; they serve as receiving platforms for reverts (for 
resmelting) and the various materials ajid assemblies required for 
furnace repairs are conveyed by overhead cranes. 

The interval between the furnace axes should be minimum 18 m 
for smaller furnaces and 30 in for larger ones; the latter interval 
may be reduced to 24 m when closed-top furnaces are used. 

An electric hoist is provided to convey anode paste and electrode 
shells to the electrode platform. Inside the shop anode paste is trans- 
ported in power trucks or carriages. At present manual labour has 
been eliminated since the paste is transported by electric cranes 
in bottom-drop buckets. 

Working platforms must bo manufactured of non-conducting 
materials to provide for safer working conditions. Forced ventila- 
tion outlets should be available at each working point. 

The smelting sections of heat-treating shops are equipped 
with smelting chambers or exhaust hoods installed over the melting 
shafts. The working premises should be provided with a ventilation 
system ensuring the complete evacuation of gases and dust generated 
in the smelting processes. 

These sections are equipped with overhead electric cranes. 

The teeming aisle occupies a considerable portion of shop-floor 
space, and is approximately 20 m wide and about 20 m high. 

The aisle is equipped with overhead electric cranes of 10 to 20 
ton lifting capacity, depending on the alloys smelted and the vol- 
ume of furn;>ce output. Railway tracks are laid through (or terminate 
at) the smelter aisle. 

Teeming equipment and granulation tanks are installed in the 
aisle, while tanks for water-cooling metal ingots are provided in 
the heat-treating shops. Ferrosilicon, ferrochromc and a num- 
ber of other alloys are teemed into flat cast-iron or steel moulds. 
Vacuum chambers for the vacuum pouring of alloys are installed 
in the teeming aisle. 

The installation of diverse pouring machines for teeming alloys 
enhances technology and improves operation results. 
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Space is allotted in the teeming, aisle for storing current (one- 
day) supplies of refractories and for effecting repairs of pouring 
equipment. 

A slag yard is usually attached to a smelter shop and is used for 
slag cooling and shipping. It is equipped with special devices for 
the recovery of metallic prills, scrap, etc. A simple example of such 
a device is a grate (with bins for dust) which serves to recover ladle 
crusts that form in the ladles in the process of teeming the refined 
ferrochrome. Ferrochrome slag separation branchworks are now 
being designed with a view to ensuring a more complete recovery 
of metal from the slag, as well as to make use of the latter as a build- 
ing material. These branchworks must be sihiated near slag dumps. 

The finished-products storage area should have sufficient floor 
space for ingot cooling (as it is used as a cooling area) and should 
be provided with devices for dressing and mechanised shipping of 
metal. Storehouses are usually equipped with primary and secon- 
dary crushers, pile drivers, cleaning drums and scales for weighing 
finished products. 

Products arc loaded into railway cars by electric self-propelled 
loaders. 

The storehouse is usually a one-aisle structure (more often than 
not attached to the smelter building) and is equipped with electric 
overhead cranes. 

Electric cars may be used as means of transportation between 
the various aisles of the shop, the finished-products storehouse and 
the slag yard. In some cases this may be effected by technological 
equipment: for example, metal is conveyed to the storage area liy 
a pouring machine. 

Smelter shops arc provided with sanitary facilities and auxiliary 
premises such as recreation rooms, rest rooms, dining rooms, shower 
baths, installations for drying and dusting of working clothes, of- 
liccs, etc. 

It is recommended to situate auxiliary premises in a separate build- 
ing, connected to the shop by a housed gallery; this ensures better 
aeration of the shop. 
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LABOUR ORGANISATION AND WAGE SYSTEM 


Labour and Production Organisation 

A ferroalloy plant in the Soviet Uni^n usually comprises a num- 
ber of main and auxiliary shops, the so-called production links of 
the plant. 

The main link of the enterprise is the smelter shop producing fer- 
roalloys. 

The shop superintendent is the head authority of the shop and is 
responsible for the over-all shop operation. 

Relying in his work on the Party organisation, the shop public 
organisations and the permanent production conference^, as well 
as making the most of the activity and initiative of the shop workers 
and submitting all important production problems for consideration 
by the entire shop, the superintendent should mobilise the efforts 
of the shop personnel for the fulfilment and overfulfilment of the 
quantitative and qualitative indices of the state plan. 

The shop managerial staff also includes a deputy shop superintend- 
ent, maintenance assistant superintendent, rate-setting engineer, 
office manager and planning engineer. 

Branchwork managers are in charge of different auxiliary sections 
(stock yard, cooling area, etc.). 

The chief foreman controls production technology and equip- 
ment servicing and maintenance. 

The chief foreman sees to it that his work team master and im- 
prove production technology, organises repair work and personally 
directs major technological operations (furnace heating after repair 
or shut-down, baking a new electrode, switching over a furnace 
from the smelting of one alloy to another, etc.). 

The production of ferroalloys is a continuous round-the-clock 
process, effected on a shift basis. 

A shift is headed by a shift foreman who directs and organises 

^ Production conferences in the U.S.S.R. are an important form of promot- 
ing the productive activity and creative initiative of the working masses. 
They wore initiated in 1923 by Leningrad workers. 
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all the work (luring the shift; his orders are binding on the entire 
shift personnel. 

Branchwork operations are in the direct charge of the foreman. 
He is endowed with the rights to ensure the lulfilmeiit and overful- 
filment of the state production plan. He is authorised by the shop 
superintendent to hire and discharge workers, sot workers’ rates in 
accordance with their qualifications, reward the foremost workers and 
punish those guilty of violating labour and technological discipline. 

The instructions of the shop administration are transmitted to 
tlio workers only through the foreman, who is respojisible for their 
implementation. The foreman has serious responsibilfties. He must 
leach his men advanced methods of work, check oji tlie observance 
of technological ijistructiops and safety regulations, ensure high- 
qnality production, inspect the equipment and its maintenance. The 
loreman is duly-bound to ensure one-hundred per cent fulfilment 
of the stale plan. 

There are two main forms of labour organisalion — individual 
ajid team forms, depending on the character of the produdion proc- 
esses and conditions of their realisation. 

The individual form of labour organisation implies that, the tech- 
nological process is in the hands of one worker from heginnijtg 
to end. In the team form the production process is carried out hy 
a group of workers of various quali ftcations. hjacli meriiher of* t^u^ 
team fulfils the predetermined number of operations he is charged 
with; the team leader is responsible for over-all operations. 

This latter form of labour organisation predominates in the pro- 
duction of ferroalloys. For example, an electric furnace is opera tori 
by a team of mclters under the supervision of the chief melter. The 
latter is subordinated to the sliift foreman and is respojisiblo for t he 
fulfilment of the task; the chief melter, besides being a team leader, 
participates directly in the production work. 

The main task of proper labour organisation is to give maximum 
production with minimum labour and material costs. Industrial 
innovators achieve high efficiency through contimioiis improvement 
of technology and perfection of working operations. 

The chiei melter (who is at the head of a team operating a ferro- 
alloy furnace) is in charge of the ferroalloy technological smelting 
process, takes part in furnace operations, iji hot and cold repairs, 
and keeps a log of furnace operations. 

The chief melter should know how to smelt different grades of 
ferroalloys hy various methods and in various types of furnaces, 
basic electrical engineering and electrometallurgy, operation reg- 
ulations and structural features of furnaces, and the physico- 
chemical properties of the materials used in the ferroalloy smelting 
processes. 


17—1456 
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lie is responsible for the run of the smelting process in accordance 
willi the approved technological instructions and time-table, for 
the functioning of the furnace and furnace equipment, for electrode 
operation and labour organisation within the team. 

A melter should have the same qualifications as the chief melter, 
replace him in his absence and take part in all furnace operations. 

He is responsible for the operation of the furnace-top and the fuiic- 
tioning of furnace equipment. 

The melter ’s mates prepare the necessary materials and tools 
and take part, on the chief melter’s instructions, in all furnace oper- 
ations and keep their working places in order. 

They must know how to smelt various grades of ferroalloys, the 
J)asic principles of electrical engineci;jng and electrometallurgy, 
o[)eratioji regulations and structural features of furnaces, the pliysico 
chemical properties of the materials used for the majuifacture of 
ferroalloys. 

The melter’s mates are responsible for timely mixture charging 
and furnace operation, functioning of furnace equipment, cloaii- 
liiiess and order of their working places. 

■ The forebearth operator taps metal and slag, carries out mainte- 
nance of the tap, inspects the condition of tlie furnace lining, repairs 
the arch, sets the furnace pouring devices and makes sure they are 
ilitact. 

The forebearth operator must know tlie fundamentals of the tech- 
nological process, the construction of ferroalloy furnaces, the phys- 
ical and chemical properties of the materials used iu furnace fore- 
hearth operations and the conditions for the solidification of metal 
and slag. 

He bears responsibility for the tapping and pouring of rnet.il ac- 
cording to schedule, for the functioning of the tai)liolc, })ouring 
devices and moulds, for the operation of the electrical tapper and 
auxiliary equipment (ladles, carriages, moulds, etc.). 

All the members of the crew and, in the first place, the chief 
melter, .should be highly qualified to ensure technically sound oper- 
ation of complex electrometallurgical devices. In this connection, 
utmost importajice is attached to the organisation of systematic 
technical training of production personnel, and to the improvement 
of their professional and technical qualifications. 

New specialists are trained outside the plants by factory-and- 
workshop and vocational schools, as well as in the plants them- 
selves, at technical courses, schools for foremen, etc. 

One effective method of rai.siug workers’ qualifications is the so- 
called school of advanced working methods. Here, melters-inno- 
vators (or workers of other professions— forehearth operators, propor- 
tioners, etc.) teach their co-workers advanced, higiily efficient work- 



Labour Organisation and Wage System 


259 


iiig mothods and show them rational ways and moans of porforming 
various operations, and teach them all that on the spot. 

Scheduled operations, i.e., operations according to scliediile coji- 
stitutc the most effective system of labour organisation in a ferroal- 
loy shop. 

Operation according to schedule means fulfilment of technologi- 
cal o])crations in strict sef|uenco and within the timelimits ensuring 
full execution of a pre-set task (plan). 

The basis of shop planning is the output schednle for finished 
products. The schedule indicates the sequence of shut-dowjis for 
repairs and their character. It regulates the work of f^hop auxiliary 
hranchworks (mixture delivery, metal dressing, slag dumping, elc.). 

The daily time-table of ^hop operations comes to the teams in 
the form of work programme for the given shift. 

The main furnace operations are also strictly scheduled either 
by time (charging and tapping for ferrosilicoji furnaces, metal re- 
covery from slag pots, etc.) or by electric power input (melting 
of charge portions in tiie production of refined fcrroctirome). 

Shop operations according to a time-table ojivisage conditions 
ensuring highly productive processing and, at the same time, make 
it possible efficiently to intervene and eliminate disturbances due 
to organisational or technical causes. 

Technical Rate-Setting 

Technical rate-sotting, i.e., setting up lechnically subsl ani iated 
rates, permits sound production planning, promotes higher labour 
productivity and lowers operation costs. 

The task of technical rate-setting is to sot up technical equip- 
ment quota and work and time rates. 

Technical equipment quota means maximum per shift pioduc- 
l ivity of the furnace, most' favourable operating conditions and best 
possible production and labour organisation. Technical equipment 
([uotas are taken as a basis for calculating shop or enterjiriso produc- 
tivity. 

Technical time and output rates constitute the labour productivity 
task given to workers; these rates .servo as a basis for tlie computa- 
tion of workers’ wages. 

A time rate is the amount of working time necessary for a worker 
or a group of workers (team of furnace meltors) to produce a unit of 
production in conditions of proper labour and production organisa- 
tion. The time rate is expressed in man-hours. 

The output rate means the amount of units of production expressed 
in accepted measurement standards (for example, tons), sot as a 
task to a worker or a group of workers to be produced in a unit of 

17 * 
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working time (hour, shift). The output rate, is set in each separate 
case in accordance (with a slight decrease) with the technical produc- 
tivity quota for the equipment under consideration. 

It may ho calculated as a quotient of division of the set duration 
of the shift hy the time rate: 

T 

O -j~ 

r;i U* 

and, vice versa 

t 

-^ratc 

whore 

O — output rate per sliift, in units of production (tons of metal); 

/rate— liiTie rate per unit of productilm (1 ton of metal), liours; 

T — duration of a shift, hours. 

All technical equipment output and time rates are variable; they 
change with the introduction of new, more efficient technological 
processes, new equipment, tools and devices, with the growth of the 
technical and cultural level of workers, improvement of the social- 
ist forms of labour and production organisation. 

Technical rates should he progressive, i.c., they should reflect 
a productivity level exceeding the mean level for tlie given shop and 
approaching the best performance results. Therefore, technical rales 
are periodically revised to take account of all the chajiges in ])roduc- 
tion organisation in the preceding period. 

Work Rates and Wage System for Workers 

The rate system, which permits organisation and planning of 
wages, consists of the following elements: 

1) rates of wages determining workers’ hourly wages; 

2) relative scales of wages determining the correct relation of 
wages among various types of work; differentiation of wages, depend- 
ing upon the workers’ qualifications, is implemented by these rel- 
ative scales of wages; 

3) rate-qualification reference book which contains the descrip- 
tion of all types of jobs and the requirements to be fulfilled by a 
worker of a given qualification. 

Every worker is given a certain qualification rate, depending on 
his profession and skill. The classification of profession and quali- 
lication under a certain rate is done on the basis of a reference 
hook which takes the following circumstances into account: 

a) complexity of the technological process and equipment operated; 

b) minimum technical knowledge and professional skill required 
of a worker to perform a job corresponding to the qualification rate; 
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c) responsibility for the work performed. 

All processes connected with the operation of production branch- 
works of metallurgical shops in the Soviet Union are divided into 
len qualification rates while auxiliary and repair operations are 
divided into eight qualification rates. The qualification rate is given 
(o a worker by the shop superintendent after a corresponding techni- 
cal examination and depends on his qiialifical ion and seniority. 

Wage rales are set separately for each (jualification rate: the min- 
imum for the first qualificalion rate and highest for (he most quali- 
fied. 

Wage systems in metallurgical industry are divided into two main 
groups: 

a) according to the time spent on tlie job (time -wage system); 

h) according to the results of tlie job (piece system). 

In the case of the time-wage system, the worker’s wages arci com- 
puted according to hours of work per day or days per month and 
according to his rate of wages. This system is used wlien the produc- 
tion output cannot be determined accurately, as well as for the 
wages of auxiliary and duty personnel. 

A time-premium system of wages is used iji metallurgical indus- 
try, when time workers are })aid a bonus for the qualitative results 
of tiieir work, provided (he production plan of the department, sh(q> 
and the equipment operated is fulfilled and overfulfilled; the bo^nis 
ranges from 15 to 20% of tlie monthly wage rate. 

With the piece system, the worker’s wages are calculated accord- 
ing to the amount of work performed, i.c., the wages are propor- 
tional to production output. This form of wage system stimulates 
self-improvement, as well as betterment of production methods. 
The basis for the wage calculation in this case is the piece rate per 
unit of production which is determined by the rate of wages and 
the fixed-time rate. The wages of a worker in the piece system are 
calculated by multiplying' the piece rates by the amount (pieces 
or units) of manufactured products in a unit of time (shift, month). 

The jiiece system is more progressive, for it combines the principle 
of personal interest and state interest. 

“From ejjch according to his ability, to each according to his work” 
is the principle of socialism. The piece rale best expresses this prin- 
ciple. 

In the iron and steel industry the production workers of a metal- 
lurgical unit (furnace, mill, etc.) and related departments of metal- 
lurgical and coke-oven shops are jiaid according to the piece-premium 
wage system which provides piece wages and a bonus — 20% of the 
monthly wage rate for the fulfilment of the monthly production plan 
and an additional 2% of the monthly pay for each per cent of the over- 
fulfilment of the plan. 
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Ijislead of a premium for the fulfilmeui and overfulfilment of 
quantitative tasks, a bonus for an increase in first-grade production 
output, for the fulfilment of time-tables, economy on materials, 
etc., is given the workers of production branchworks whenever aii 
improvement of qualitative indices of the plan is necessary. 

The total sum of premiums paid for economy on materials, fuel 
and electric power should jiot exceed 40% of tlie sum savcMl. 

The workers of the main shops working on production units and 
in departments, where it is impossible to set task plans and premium 
incentive for the fulfilment and overfulfilment of plans, are paid 
according to a piece-progressive system of wages: output in excess 
of the monthly plan is paid from 1.5- to 2-fold of the ordinary piece 
rates. 
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Basic Principles of Ferroalloy Economics 


Produclioii of ferroalloys*is rolaLcd, qualil al ivoly and (|iianlila- 
liv(dy, lo .sUud prodiicl ion. The larger Iho oulpul of sUnd and lln> 
Jn’ggor tlio onlpiiL of alloy steels, the bigger tlio Jieed iji ferroalloys. 

In turji, Uie Icwol of steel output determines the development 
of all branches of the national economy; therefore, the production 
of ferroalloys is of utmost importance for the national economy. 

The ])ro(inctioji of ferroalloys in the Soviet Union is conslantly 
on the np-grade. The growth in the production of ferroalloys smelted 
in (?lectric furnaces, as well as by other methods, is showji in Ta])b> 
01) (iji per cent of the iD'^iO level). , 

I'dbJ* V)U 

Dynamics of the Growth of Ferroalloy Output in the U.S.S.R., 
in of the 1946 level 
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The development of ferroalloy industry has somewhat outpaced 
the growth of steel jirodnction. 

The output of buroalloys smelled in electric fnruaccs is deter- 
mined by the possible productivity of single furnaces which, in turn, 
is calculated by the following formula: 
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IKxi;os'.f X^x24 jy 


wlicrc 

W is Irajisfornicr power rating at the working voltage, kVA; 

cos'f— power factor; 

coefficient of furjiace capacity use; 

A^— number of days of operation in the f.iine period considered; 

A — specific electric power consumption, kWh/ton. 

For larger furnaces, operating continuously, K is approximately 
equal to 0.97-0.98. The loss of 2-3% of power rating is due to line 
voltage fluctuations, insufficient sensitivity of automatic regula- 
tors, as well as due to a certain drop of power ini)ut in the electrode 
repositioning operation (fiiniaces with electrode holders not equipped 
with clamps). 

For electric furnaces of 2,500-3,500 kVA rating, operating with 
periodic mclling of the charge, A is considerably lower, as power 
input losses are unavoidable as the result of the following causes: 

1) decrease of power input and interruption of power supply during 
the tapping of metal and slag; 

2) unstable furnace operation with open electric arcs; 

3) decrease in power input during the charging periods and power 
ijiput raise; 

4) interruption of [)ower supply for the repositi«>uing of elec- 
trodes. 

Because of that factor K varies within the limits of 0.75-0.85, 
depending on furnace design and technology features (frequency 
of tappings of metal and slag, grade of metal smelted, etc.). The 
task of the Soviet ferroalloy melters is to find ways of cutting dowji 
all idling periods, power ijiput losses and of raising furnace produc- 
tivity. 

The Jiuiubcr of nominal days of operation A^ of a furnace is given 
as the difference between the number of calendar days during the 
period under consideratioii and the number of down-time days for 
overhaul aud maintenance repairs. 

Specific power consumption A for the smelting of ah alloy is set 
annually for each plant, depending on local conditions (furnace 
type and electric circuitry, quality of raw materials, etc.). 

Estimation of the requirements in ferroalloys for lojig-term plan- 
niiig is a difficult task, and it is solved on the basis of the data on 
the specific consumption of ferroalloys per ton of steel produced in 
the previous years, with due consideration of changes in alloy steel 
output for the planned period. 

The needed amount of dobxidisers is determined by the level of 
steel output and the ratio between the amounts of the rimming and 
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killed steels jirodiieed. Accordijig to K. M. Alexeyev, sijice 50% 
of all steel produced is accounted for by killed steels, the coiisii nipt ion 
of deoxidiscrs per ton for the entire amount of steel produced may 
he assumed to he as follows: elcctrothermic ferrosilicou (in terms of 
45^0 ferrosilicou) — 7.5 kg, hlast-fiirnacc ferrosilicou (10 ‘’o Si) — 
1) kg, and carhouaceous ferromanganese — 7.8 kg. 

The requirements in ferroalloys, ii.sed for purposes other I liaii steel 
production (ferrotitanium, forrohoron, crystalline silicon, elc.) is 
determined hy direct calculation. 

Cost of Ferroalloys 

Production costs are expenses incurred in mojiey for the manu- 
facture and sale of products'. 

Systematic cuts in production costs in the U.S.S.U. are of para- 
mount importance, since it is a source of accumulation in national 
economy, as well as of improvement in the welfare and cultural 
standards of the Soviet people. 

The decrease iji production costs is an importanl. task of the state 
plan. 

Ferroalloy production costs are made up of the following main 
expenses: 

1) cost of raw and basic materials; 

2) cost of electric iiower; 

2) cost of electrodes; 

4) cost of processing; this item includes the cost of all auxiliary 

materials used (refractories, sand, clay, etc.) workers’ and engi- 
neers’ wages, cooling-system expenses, steam, compressed air, etc., 
wear and tear, services hy auxiliary sho|)s (mechanical, transport, 
electric, etc.); 

5) cost of packing; 

()) overhead ex])enses. 

The distribution of costs of some ferroalloys, givcm in Table 70, 
shows the direction in which an effort should Ixi made to bring down 
I he cost of each alloy. 

In smelting ferrosilicou, silicon calcium and crystalline silicon 
particular attention should he paid to reducing electric power con- 
sumption, the cost of which takes up to 50% of total alloy costs. 

Alloy costs may he cut down tangibly by reducing coiisumptioji 
of raw materials, and that despite the fact that the efficiency of 
the use of silicon (90%) and coke carbon is Iiigh and the turnings 
are used practically completely. This may be attained by decreasing 
the losses incurred in the pre-smelting preparation of raw materials, 
which are very high at present (25% in quartzite and 18% in fine 
coke). 


18—1456 
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Distribution of Costs of Some Ferroalloys 


7'able TO 







Expenses. % 

of full prime cost 



Cost 

Item 

4 5% fer- 
rosilicon 

75% fer- 
rosillcon 

crystalline 

silicon 

silicocal- 

cium 

carbonace- 
ous ferro- 
ebrome 

meiium- 

-carbon 

ferro- 

chrome 

extra- low 
carbon 
ferro- 
chrorae 

fcrrolita- 

nium 

alumino- 

thermic 

low-carbon 

ferro- 

cbroiue 

ferro tung- 
sten 

ferromo- 

lybdcnum 

1. Raw and basic 
materials . . . 

29 

21 

23 

28 

38 

67 

64 

79 

76 

97.9 

98. 14 

2. Klcclric and 
power costs . . 

83 

37 

16 

29 

28 

8 

8 

1 . 0 


0.36 

O.Ui 

.3. Electrodes . . . 

2 

3 

6 

4 

3 

^1 

2 



— 

0.14 

0.04 

4. Processing and 
overhead costs* 

36 

39 

Tjb 

39 

31 

2/. ' 

‘ 26 

20 

24 

1 . 0 

1 . 66 

Total 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

1 UX) 

i 


• —distribution ol costs in the last sUi^c of processing only 

The use of closed-top rotating-bath furnaces provides tlie possibility 
to economise (according to available data) up to 10?^ on raw malcrials 
(as compared to manufacture in open-top furnaces) by decreasing sili- 
con losses and reducer evaporation. The use of the sensible heat of gases 
gives a saving of up to 40% of costs of the fuel consumed. Moreover, 
expenses on wages arc brought down in the use of closed-top funiaces 
by full mechanisation of the charging operation. 

The main task in the production of such alloys as fcrrochroino and 
ferromanganese is to save raw materials, chiefly silicon chrome ami 
silicomanganesc. Full recovery of metallic prills should bo organ- 
ised; this will raise considerably the recovery of the basic ele- 
ment, i.e., to lower raw-material and electric-power consumption. 
An important task is utilisation of slags, which are a precious build- 
ing material. 

As the result of the development and realisation of the slag proc- 
ess in silicon-chrome manufacture the costs of raw materials, elec- 
tric power and wage expenses may be brought down. 

Economy of raw materials and maximum recovery 'of the prime 
element are of major importance for the production of ferrotungsteu, 
ferromolybdenum, ferrotitanium and other alloys, an effort to save 
all other items should be striven for too. 

Of considerable importance are the increase in plant capacity 
and productivity of single production units. Initial and operational 
expenses in auxiliary shops, considered as units of plant produc- 
tivity, as well as administrative expenses, are reduced along with an 
increase in plant capacity. 
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Initial costs per unit of output and specific power consumption 
are diminished, while the labour productivity of furnace operators 
and furnace yield per unit of power rating increase witli llie rise in 
electric furnace rating. 

Table 71 lists the personnel of a six-furnace snioUer shop, equipped 
with mechanised charging, alloy teeming by pouring inacliines 
and automated mixture conveyance system. It should be empliasised 
that the number of workers employed in a shop with lO.bOO-kVA 
furnaces is the same as in that with lG,500-kVA furnaces, although 
productivity per worker in the latter case is 1.5 limes as liigh and 
wage expenses are correspondingly 1.5 limes as lo\\^ 

Material handling operations should be mechanised to I he maxi- 
mum, as approximately 20% of workers arc engaged at present in 
these operations. The redifction of this expenditure item through 
mechanisation is afi important source of reducing ferroalloy costs. 
Mixture preparation and proportioning, as well as Ihe dressing 
of finished products, should also he mechanised and auto- 
mated. 

Improvement in the pro-smelting jneparation of raw malerials 
may considerably enhance labour productivity and decrease! ferroal- 
loy costs. 

Drying of fine coke will make for greater precision of j)roportion- 
ing and ensure a stable and lujiform run of furnaces. Ch’ushin^, 
sizing and washing of quartzite directly on llu! mining sites oHmi- 
nate useless transportation of fines (which are dumped), whose 
amount may reach as much as 25% of the w’oight of the ((iiartzitc 
shipped to the plant. 
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Approximate Number of Workers, Engineers and Employees 
in Six-Furnace Ferrosilicon Smelter Shop with Mechanised Charging 


Position 


Workers 


Senior mclters 

Melter-cbarging machine operators . . . 

Hearth operators 

Crane operators 

Electrode operators 

Mixture makers and proportioners . . . 
Finished-products warehouse workers . . 
Shift electricians 


i\ umber of workers 


in fonr 
Bltifls 

subslitules 
lor tliosc on 
leave 

lolal 

24 

2 

2ft 

48 

a 1 


48 

! 

Tift 

28 

2 

31 

4 


4 

12 

1 

1.3 

12 

4 

1.3 

12 1 

1 

i i:t 


18 * 
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Numljcr of workers 


1*0 si lion 

in four 
shuts 

substitutes 
for those on 
Icuvc 

total 

Maintoiianco electricians 

8 

1 

8 

Shift furnace and auxiliary cquipinenl filters . 

1 0 

1 

10 

Maintenance fitters 

10 

— 

10 

Masons for refractory brick work 

/t 

1 


Utility workers 

! 

t 

7 

Total 

— 

1 - 

2/i6 


/wt gi neeri n g Sta f f 


Shop .supcrintendoiit 

Deputy shop sujnTin tendon 1 (chief foreman) . . 

Shift ehiofs 

Shift foremen 

Chief shop electrical engineer 

Klcctrioian-foreman 

Chief shop inochanieal engineer 

Filters’ foreman 

Mixture foreman 

Planning engineer 

■1 

1 

1 ! 

[ 1 

1 

n 

5 

1 

1 

1 1 

1 2 
i 

1 

1 

Total 

- 

— 

20 

Employees 

Shop office heail clerk 

— 

— 

1 

Accountant 

— 

— 

1 

Time-keeper 

— 

— 

1 

Store-keeiier 

— 

— 

1 

OlTue <’ loaners 

8 

1 

0 

I’reparaticni aiifl distrihntion (»f aerated water 

4 

1 

h 

Total 

- 


18 

Total shop slaff • ■ ■ i 

— 

— 
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Mixing (so as lo obtain a homogeneous composition) and drying 
of the chrome ajul majiganesc ores used for smelting carbonaceous 
ajid foundry feiTOchrome, carbonaceous ferromanganese and sili co- 
manganese will ensure mixture compositioji uniformity, which is 
very important for the improvement of over-all operating results. 

One of the main factors determining the cost of ferroalloys is 
liow far the plant is situated from the sources of power, raw materials 
and from the consumers. The decisive point in the choice of the plant’s 
site is the amount of raw materials and fuel handled per unit of pro- 
duction, including the shipping of finished products to consumers. 
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According to E. M. Aloxoyov, it is most advantageous to ])iiild 
power consuming ferroalloy planis in the iminediale vicinity of 
hydropower stations or coal mines. 

This is corroborated by the table given below, Avliicb compares 
the amounts of raw materials consumed per Ion of some grades 
of ferroalloys and the amounts of fuel Jieeded to generate power 
essential for smell ijig one ton of alloy. 


72 

Raw-Material and Coal Consumption for the Manufacture 
of One Ton of Ferroalloys, Tons 
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It'iro- 
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basic raw ni at dials 

2.20 

:;.0o 

5.7 

;).2 

:i.() 

Coal with calorific jiowoc of 
Ti.OOO kcal/tg for j)owt‘r gen- 
eration 

1 . 

7.7 

O.S 

2,. 2 

;!.7 


As the table showwS, ferromanganese- and si I icomangaiiese smell- 
ing plants may be situated l)otb in the vichiily of power staliojis 
and near raw-material sources. 

Considering the geographical distribution of consniners, it infly 
be more advantageous to J)uild planis at equal distance Ironi the 
raw-material and ])Ower sources, but neanu* to I he consumers. 

The ways of reducing costs we have just considenal do not include 
all the possibilities available. For each plant, for each parlicular 
situation, Jiew problems of cost reduction arise, and their solution 
is of utmost importajice to the enterprise. 
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BASIC PRINCIPLES OF SAFETY ENGINEERING 
AND INDUSTRIAL SANITATION 


Iiidu.sl rial work in a socialist cnterprii^e must be safe and non-ex- 
liaiisliiig, and it is so. At the same time, maximum labour produc- 
tivity should be achieved, for V. I. Lenin said, “In the final count, 
it is Jabour productivity that is the most important, the prime fac- 
lor for Idle victory of the new social system.” 

Tlio f,^oal of safety engineering^ and industrial sanitation is to 
prevent accidents and to create favourable and safe working con- 
ditions in the shop and at the working places. 

Industrial injuries are caused mainly by violation of technical 
and routine regulations, as w-ell as by noji-obsorvance of the rules 
of workers’ behaviour. For example, operation of a technically faulty 
machijio or improper planning of operations and non-coordination 
of work performed by workers may lead to an accident. Very often 
accidents are caused by the ijifringemejit of rules of workers’ behav- 
iour, for example, improper use of protective clothing, performance 
of work that has not been ordered, etc. 

Violation of safety regulations, therefore, entails punishment 
according to routine regulations; when the infringement of regula- 
tions causes an accident injurious to other workers, those guilty 
may bo brought to trial in particularly severe cases. 

Every Jicwly employed worker is briefed by the safety engineering 
departmojit and is then given a thorough illustrative briefing on 
operating procedures as well as on safety regulations by the foreman 
or the shift foreman directly at the working place. It is f.orbidden to 
start work without such instructions. The men responsible for in- 
structions and the compilation of regulations are the foreman and 
the sho}) superintendent. If transferred to some other job, even for 
a short time, the w^orkcr should ask to be instructed at the new work- 
ing place and go to work only after that. Those working with mech- 
anisms, electrically-operated appliances or melted metal should 
possess the required technical knowledge; to this end they must 
lake a theoretical course not later than three months after joining 
the enterprise and pass the qualification exams. 
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Administrative personnel should explain to workers why it is 
necessary to observe safety and industrial sanitation regulations 
and impose severe penalties on those guilty of infringements. 

Electrothermic Ferroalloy Shops 
Shop Site and Layout 

Ferroalloy shops should be built on the territory of the plant in 
such a way as not to disturb the flow of materials and to preclude 
opposing traffic and intersections. 

Adequate aeration requires that the longitudinal axes of newly 
eroded smelters should be perpendicular or at an angle of minimum 
30° to the direction of th^j prevailing winds in tin? locality. The 
direction of the wind should be from the working ai'oa to the smelter 
aisle. 

Railway tracks should have a minimum of curves, crossings and 
inclines. 

All newly erected ferroalloy works should be equipped with spe- 
cial mechanised pile-driving, slag and dressing departments, as 
well as storages for the finished products. 

The location of these departments should be selected with a view 
lo minimising haulages and streamlining production. 

Roads with pavements are to be cojistructod between produ^stion 
shops. 

Stock Yard and Mixture Conveyance 

The building of the stock yard should be fire-resisting, roofed 
and equipped with railway tracks along its longitudinal axis. 

The columns of tlie stock yard should be concrete or metal. 

Crushing or mechanical equipment, as well as conveyors, should 
be situated in the stock yard with due regard to the following: 

a) safety and accessibility; 

b) personnel safety wlien grab-bucket cranes move over the work- 
ing places; 

c) layoiy. of equipment; it should not impede the unloading of 
railway cars and transportation of materials within the stock yard; 

d) crushing devices, producing a lot of dust, should be hermeti- 
cally sealed and provided with exhaust ventilation; 

e) all rotating assemblies of drives should be fenced off: platforms 
ajul stairs by metre-high hand-rails; coamings or “toeboards”, 100 
to 200 mm high, should be placed along the edges of the platform 
at the foot of the railing. 

Special gangways should be provided over the crossings of con- 
veyors, bins, etc. 
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Railway tracL's should jiot be obstruoled wilbin tbo limits of 
clearances (2.5 m from the axis of the track), and should be 
equipped with a flooring helwecii the rails. 

Natural ventilation (skylights, fanlights, etc.) as well as lighting 
according to code specilications, should be provided for in the raw- 
materials building. 

The incline of belt conveyors without partitions should not ex- 
ceed 25 ^ and 50° iji (he case of conveyors with partitions. 

Materials stuck in the bins should be poked from above with long 
pipes. Poking when there arc men inside the bin is permitted only 
in exceptional cases, and then special prccaiitiojiary measures must 
bo laken. 

The stock yard sliould l)e constantly kept in good order. 

Proportioning Department 

The l)uilding accominodating the receiving hopper of the inclined 
conveyor should l)e well- ventilated and spacious to facilitate re- 
pairs ajid servicing. 

A distributing station communicating with the stock yard hy 
an alarm signal system should be provided for distributing (he mix- 
ture to the suspended bijjs. 

iMl rotating parts of drives should be fenced off. 

Buildijig of (he proportiojiing branchworks should bo provided 
with facilities for jjatural air inriltration and exhaust vcjitilation. 

Proportioni]jg branchworks area should be isolated from the smett- 
ing aisle by a coritiniious wall in order to prevent gas infiltration. 

The movement of cars filled with mixture materials is controlled 
by push-button devices; their dumping should bo mechanised. 

These regulations apply to the proportioning i)rancliworks form- 
ing part of the slock yard. 

Smelter Shop Buildings 

The walls of a smelter shop should be made of refractory mate- 
rials. 

All metallic structures should be painted. 

The roofs are designed and erected to carry additional dust loads; 
provisions sliould be made for their rapid and convenient cleaning. 

All concrete columns should be enclosed in metal to a height 
of 1.5-2 m from the shop floor. 

Flooring in the smelter shops is made of cast-iron riblied ])lates. 

The working platform should be at least 15 m wide in the case 
of smaller furnaces and 20 m wide in the case of larger ones. 

The working floors should be' fenced off by handrails 1.2 m high 
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and sheeted all arouiid al the boltom to a lieiglil of 200 mm. The 
stairs should he minimum 1 m wide and the tread should ho at least 
270 ram Avide. The building should have aeralioji facilities; fresh 
air from plonuin ventilation devices slioiild he conveyed directly 
to the furnace. 

Installation of air-fanning devices is imperative. 

The furnaces slioiild l)e screened to protect operators from heat 
radiatioji. 

Furnace Layout and Operation 

Melting furjiaces iji Jiowly erected sliops should he arrajiged in a 
line along the lengt h- of tlic huilding, with tlie intervals i^etween 
their axes ])eing not less thhn 18 m for 8,500- kVA furnaces, 80 m 
for open-top furnaces of 10,500-10,500 kA'A and 24 ni for closed-top 
fiiruaces of tlie same rating. 

Furnace low-voltage circuits should he railed off to precliulo all 
possilniity of operating i)ersonnel coming into contact with them. 
The furnace should 1)0 e([uipped with the necessary metering and 
signalling devices; without them furnace operation is prohihited. 
Tlie furnace shell should he well grounded. The exhaust pipes and 
gas-suction appliances should J)e kept in cojiditiou to evacuate 
completely the gases evolving in the furnace. ^ , 

Particular attenliofi should he paid to the system of oxygen 
supjdy for ta])hole huicing and the condition of hoses and valves. 
The hoses and tlie entire system shouhl he effectively [)rotected 
from oil, since its interaction with oxygen causes explosions. 

Floors of the working and electrode decks slioiild ho made of non- 
conducting material. 

Shunt circuit breakers should he well grounded and provided 
with an isolated stand and railings. 

Only well-instnicted oiieralors are allowed to joint (dectrode shells. 

The furnace can he switched on only hy the senior melt (*r with the 
assistance of a regulating operator and a shilt electrician ami in 
the presence of the shift foreman. 

Hoists an^ operatiul in accordance with the regulations set lor 
hoisting mechanisms. 

Furnace-charging should he mechanised to the maximum. 

The forohearth platform .sliould always he dry. 

The melter .should work only in iirotective clothing: 

a) the cloth trousers ajul jacket should not he tucked in. Ihis 
allows metal or slag splashes to roll down onto the floor; 

h) brim of the hat should he lowered; blue spectacles should he 
fixed to the hat to protect the eyes from electric arc or melted metal 
radiation. 
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When an iron rod is used for poking the charge it should be ground- 
ed through contact with the furnace shell or a roller. 

Only dry materials should he charged; moist ones may cause 
eruptions of red-hot particles. 

It is categorically prohibited to operate a furnace if there is a 
water leakage. The furnace should bo shut down immediately for 
necessary repairs. 

It is forbidden to do any work with ladles or slag pots installed 
under the taphole. Furnace tapholes can bo cleaned and dressed 
only from a special platform. It is prohibited to stand directly in 
front of the taphole. 

It is prohibited to do any work under the uu railed sections of 
the low-voltage circuit when the power is on or to switch on or off 
the shunt circuit breakers in such conditions. 

Workers should see to it that their instruments are in order. It 
is forbidden to work with faulty or inappropriate tools. All instrn- 
mojiLs used for metal or slag should first be dried. 

Preparation of Ladles, Moulds and Slag Pots, and Teeming of Metal 

The taphole should l)e situated at a convenient height for the 
operator; if necessary, special platforms or stands should be pro- 
vided . 

To prevent damage to lining in the taphole zone it is necessary 
lo check it systematically; if there ar(} any defects, the taphole 
.should be immediately repaired. 

People not involved in the operation should not be allowed 
near (he furnace during the tapping process. 

Ladles should bo filled with the melt to a height of 100-200 mm 
below the brim. 

All receptacles prepared for tappings should be checked by fitters. 
Special trestles — working benches — should be provided for cleaning 
ladles. 

A newly lined or repaired receptacle should be thoroughly 
dried. 

Receptacles should be wheeled in and out from undej: the taphole 
only by mechanisms. 

Tracks intended for transportation of liquid metal and slag should 
be regularly checked and the flaws immediately eliminated. 

Pouring receptacles installed on carriages should be stable. If 
the ladle carriage makes this impossible, it .should be immediately 
replaced with a faultless one. 

Before wheeling out a receptacle, one must be sure that there are 
no men and objects on the trapks and only then can power bo applied 
to the winch or command given to the crane operator. 
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The procedure for lifting a ladle or a slag pot full of liquid metal 
or slag is as follows: when the ladle has been lifted to a height of 
100 mm a “stop” signal is given, and it is only when one is certain 
of proper connections and reliability of crane brakes, that a “go” 
signal is given again. 

Liquid metal or slag should be conveyed at low speed, care being 
(a ken to avoid swinging the load. 

The alloy is poured willi the aid of auxiliary hoists (Fig. 88), 
smoothly, without jerks. 

Following the pouring of ferrosilicon the ladle is returned to the 
vertical position and sent lo be cleaned. In the case of ferrochromc 
teeming the dumping of the slag scull is permitted only an hour later. 

It should be borne hi mind, when stripping alloy ingots from the 
moulds, that ferrosilicon ingots may break in the process of traiis- 
])Oitation, while ingots of refined ferrochrome, and especially those 
of medium- carbon grade, may explode when cooled. Therefore, fer- 
l ochrome ingots should he stripped either immediately after the pour- 
ing or after the final cooling. When ferrosilicon ingots are transport- 
ed, workers should not stand closer than 5 m from the suspended 
ingot. 



Fig. 88. Teeming of ferrosilicon 
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Granulation of Ferroalloys 

Granulatioii tanks should be approximately 0 m deep, its edges 
about 600 mm above the floor level. The water level in the tank 
should bo 800 mm below its upper edge. 

Granulation tanks should be cleaned periodically; the tempera- 
ture of the water in the tanks should not exceed 70"C. 

To avoid local spots of violent evaporation the metal jot should 
be disintegrated by a jet of water into granules of a predetermined 
size. 

Water convoyed to the jiozzle of a sprayer should be under a press- 
ure of not lower Lliaji 8 kg/cm^. 

The dimensiojis of the receiver eye {or foundry ferrochrome and 
30% silicon chrome should be 70 x70 mm, while that for the 75 
fcrrosilicon and 50 ?o silicon chrome— 40 X6>3 mm. 

Persons not concerned with the operation should not be allowcnl 
to come near the grajiulation installation. 

Granulation tanks should be equipped with a steam exhaust sys- 
tem to ensure adequale visibility in winter. 

Settlers are to be provided to avoid the leakage of granules or 
slag into sewers; they have to be cleaned periodically. 

Unloading of metal from the granulation tajik should bo mecha- 
nised. 


Slag Yard 

A special slag yard for the cooling and shipping of slags should 
be ijicluded in all newly erected ferroalloy smelters and equipped 
with electric overhead cranes. 

A slag yard should be paved with ribbed cast-iron plates. 

The slag is loaded ijito special cars, preferably of the drum 
typo. 

When a slag yard is equipped with facilities for recovering prills 
from disiJitegrating slags, the entire system of conveying slag to 
the vibrating screens, as well as the screens themselves, should bo 
hermetically sealed ajid vacuumed. 


Dressing and Storing of Finished Products 

The premises for cooling, dressing, packing and storing of finished 
products should be built of fire-resisting materials and may bo lo- 
cated apart from the smelter shop. 

Pile drivers are installed at .one end of the building, at a distance 
of at least 10 m from (ho area intended for metal dressing. 
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All rotating mecbaj I isms in the winch room should he adequalely 
railed off, while current-carrying parts should be insulated. 

A finished-products storehouse should he provided with sufficient 
lloor space to ensure safely of operations. Avoid any obstructions 
in a storehouse area. 

Furnace Overhaul 

“Hot” furnace repairs can he effected only when the power is 
disconnected. Water-cooled screening installations are used for 
protection against the effect of heat radiation. 

The blasting of salamanders is permitted in exceptional cases 
ijj “cold” furnace overhauls, provided, of course, I he existing regu- 
laliojis are observed. Ammbnal alone should he used in blasting 
operations; other explosives arc prohibited. 

In dismantling the lining, the furnace should be cooled with water 
not before 2-4 hours have elapsed since ils shut-down; otherwise 
J)lowoiits may occur. 

The shop office should ap|)oint a person res[)Ousible for the ex(*cn- 
(ion of the overhaul. 

Exothermic Smelter Shops 

An exothermic smeller shop consists usually of the following 
branchworks: 

1) stock yard, which is equipped with installatious for the |)re- 
srnelting preparation of mixture materials (crushing, drying); 

2) roasting; 

3) proportioning and mixing; 

4) smelting; 

b) cooling ajid dressing; 

()) finished-products storehouse. 

The mixture materials used in exothermic smelting shoubl all 
be milled; the milling, proportioning and mixing y)rocessos generate 
dust. Therefore, particular emphasis should be placed on dust ex- 
haust from i^oints where it is generated; processes causing abundant 
evolution of dust should be conducted in luu’motically sealed cham- 
iuu's. 

It is recommended to carry out exothermic smelting in a separate 
])riming chamber so as to preclude the infiltration of gaseous products 
into the ambient atmosphere. 

Joint calcination and drying of saltpetre with ferrosilicon, electron 
or aluminium turnings arc prohibited. The maximum permissible 
temperature for drying saltpetre is 150^C, while that for electron 
turnings is 300°G. 
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Minimum dust contamination should be‘.msured in the roaster 
works when roasting raw concentrates; special precautionary, meas- 
ures should be taken to prevent the ignition of oily matter con- 
tained in the concentrate when it is charged. 

Only dry materials should be proportioned. 

When smelting processes arc under way, admission to the priming 
chamber is forbidden; no foreign matter should be stored in this 
chamber. 

If the smelting process is effected with bottom priming, there 
should not be more than one charge batch placed on the hearth prior 
to priming. 

The smelting shaft should .be thoroughly dried before the smelting 
process. 
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